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INTRODUCTION 


This paper reports results of a study made for the pur- 
pose of developing an objective method for forecasting 
winter rain at Portland, Oregon, 24-48 hours in advance. 
The study was undertaken simultaneously with a similar 
investigation by Vernon [1] on forecasting rain at San 
Francisco. It was inspired largely by the need for im- 
proved forecasts extending — 24 hours for use in 
operational agen. by agriculture, industry, and trans- 

rtation. This method of forecasting is not a substitute 
or present forecasting techniques or thorough analyses 
of the physical processes of the atmosphere, but if used 
in conjunction with these it can be a valuable forecasting 
aid. These results should be used cautiously until more 
cases have been studied in order to find those variables 
which will produce the highest degree of forecasting skill. 

Previous studies attacking the problem of forecasting 
rain on the west coast resorted to map typing, and the 
method of forecasting set forth in this paper also depends 
on proper typing of maps. Reed [2] was the first to pub- 
lish a map typing system for the northeast Pacific Ocean, 
and in a sense it is the parent of those which followed. 
His system was based on the direction of the principal air 
currents over the northeast Pacific and each map was 
classified as N, NW, W, SW, S, or E, following in general 
the principles set forth by Abercromby [3] who earlier 
had developed a method of typing maps in the north At- 
lantic Ocean. Reed’s system is deoctiptivé and requires 
the subjective impressions of forecasters; nevertheless it 
is an excellent system, and one that has been used regu- 
larly since it was published in 1932. Brown [4], in 1943, 
es a paper on rainfall forecasting for Los Angeles. 

e considered weather types which were modifications of 
Reed’s types, and his method of forecasting is partly 
objective. In the same year the California Institute of 
Technolo [5] published an elaborate and detailed sys- 
tem of classifying maps. This development was based 
largely on the configuration of the pressure field with the 

sition and intensity of the Pacific High forming the 
eystone. Then in 1946, Thompson [6] developed an 
objective method of forecasting rain at Los Angeles 6-24 
hours ahead. This paper differs from Thompson’s in 
that it aims to forecast rain for Portland 24-48 hours in 


advance thus providing a more useful service in opera- 
tional planning. 

Typing weather maps by individual deduction results 
in differences of opinion since a vast number of maps are 
reasonably similar yet have significant differences which 
are not readily recognizable. It was the purpose of the 
investigation outlined bere, in conjunction with Vernon’s 
study, to type maps by numerical means as the first step 
of an objective method of forecasting rain. Accomplish- 
ing that, the second step was to find suitable pressure 
gradients or other variables which would separate the 
“‘rain” from the “no-rain”’ cases in each type. 

The 1300 GMT maps of the Historical Weather Map 
series [7] for the ten months of January and Febru 
1932, 1933, 1935, 1936, and 1938 formed the basis for this 
study. These 297 maps were selected because they re- 
present days during wet and dry months and months with 
average winter rainfall. In addition they represent a 
variety of weather types. A “‘rain’’ day is defined as one 
on which a measurable amount of rain fell in the official 
§ e in Portland between midnight and midnight of the 
ollowing day—20 to 44 hours after map time. Traces 
counted as ‘‘rain”’ only if measurable rain fell on the day 
preceding or following the day for which the forecast was 
made. few other winter months were used for test 
purposes and the results from 4 of these, December 1930 
and 1933, and January and February 1937, appear in a 
later section. Although the study was confined to the 
months of January and February, equally good results 
have been obtained in December and the results outlined 
here should be restricted to the main part of the rainy 
season. 


INVESTIGATION 


CIRCULATION INDICES AND MAP CLASSES 


The first step in the investigation was to measure the 
meridional and zonal circulation by means of pressure 
ients on the theory that atmospheric currents follow 
established patterns and the Sige flow patterns usually 
are persistent for long periods. The areas in which these 
measurements were made encompass a large pressure field 
and extend far upwind from the west coast. By applying 
synoptic experience certain geographical coordinates were 
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1— location of points for which level obtained 


selected in these areas which would define the several 
predominating flow patterns and the map types numeri- 
cally. The coordinates selected for this purpose are 
shown on the map in figure 1. The difference between 
the means of the pressure at points ABCD and at EFGH 
gives an adequate index of the meridional flow (M). Ex- 
pressed symbolically: 


If this difference is positive the meridonal flow is from 
north to south but if the difference is negative the flow 
is towards the north. 

The coordinates which are used to measure the zonal 
flow are indicated in figure 1 by points defg and points 
aBbe. The difference between the means of the pressures 
at the points along latitude 35° N. and latitude 50° N. 
gives a satisfactory index of the zonal circulation (Z): 


When this difference is positive the latitudinal flow is from 

west to east, and when negative, from east to west; the 

a of the difference is an indication of the strength 
f the zonal circulation. 

Algebraic relationships between the values of the 
meridional and zonal indices may be used to classify maps, 
numerically, into types. Abnormal circulation patterns 
such as “northerly” and “southerly” preaers, respec- 
tively, positive and negative meridional values numeri- 


cally larger than numerical values of the zonal indices. On 
the other hand a strong westerly circulation produces a 
positive zonal index much larger than the numerical value 
of the meridional index. Such relationships as these were 
used for classifying the surface weather maps examined in 
this study by plotting for each map a dot (rain day) or 
open circle (no-rain day) on rectangular coordinates 
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Ficure 3.—Schematic showing algebraic relationship between meridional snd 
zonal indices for each of the 5 map classes. These divisions correspond to the divisions 
in 2. Heavy arrows indicate the predominant direction of flow over the ares 
for the indices were computed. 


scaled for meridional (M) and zonal (Z) index values as 
shown in figure 2. Figure 2 then was divided by the 
double lines into 5 sectors in order to separate the p otted 
data into 5 map types or classes. As shown in figure 3, 
these 5 classes are defined by algebraic relationships 
between M and Z. The 297 maps used in this investig@- 
tion thus were segregated as follows: 


CLASS ¥ 
(O>M >Z) 
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1 In these relationships, M and Z represent algebraic values. The symbols /M/ and /Z/ 


represent numerical or absolute 
There were almost 10 percent more rainy days in this sample than the average which, 


for this period, is 181 days of rain and 116 days of no rain. 

The relationships between indices M and Z used for 
segregating maps into types differ from those used by 
Vernon in the cases with meridional indices greater than 
zero (M>0). Vernon separated this group of maps into 
three types: Northeasterly, Northerly, and Northwesterly, 
but in this paper these maps are separated into Class I 
(M>0>Z) and Class II (M>0, Z>0). To avoid con- 
fusion with Vernon’s terminology, the word “‘class” rather 
than “type’’ is used. 

The heavy arrows in figure 3 indicate for each class the 
general direction of the predominating air flow over the 
area for which the indices M and Z were computed. A 
few examples serve to make clear the relation of the index 
values to ny emery | flow. Points plotted in the 
upper left quadrant of figure 2 indicate “northeasterly”’ 
type maps on which meridional values are positive and 
mnal values negative (M>0>Z). Thus the map in 
figure 4 is not a pure “northerly” type but a map which 
contains features of both “northerly” and “easterly’’ types 
as indicated by the index values M=+4, and Z=—6. 
The map in figure 5 is an excellent example of a “north- 
westerly” type. For this map the index values are 
M=+11.5 and Z=+12.5, indicating a strong flow from 
the northwest. The map in figure 6 is a pronounced 
“southwesterly”? type. The zonal flow is very stro 
(Z=+28), and the meridional flow is from south to nor 
but rather weak (M=—4). Nearly all maps with large 
positive Z values and large positive M or small negative 
values produced rain. A “‘southerly’ type is shown in 
-_ 7. The flow from south to north is strong (M=— 13) 
while the zonal flow is very weak (Z= +1), indicating the 
westerly circulation is almost stagnant. 
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Ficure 4.—An example of sea level pressure map of Class I (M>0>Z). 


FicurE 7.—An example of sea level pressure map of Class IV (0>M, /M/>/Z/). 
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Ficure 8.—Graph showing rain and no-rain cases from Class I ope any soe with 2 
pressure erence variables as coordinates. Cases which fall within the heavy lines 
are further discriminated by replotting them against the shown in figure 9, 


SEPARATION OF RAIN AND NO-RAIN DAYS 


The second step in the development of an objective 
method of forecasting rain at Portland was to find a means 
of separating the “‘rain’”’ from the “no-rain’”’ days within 
each class. 

Class I (M>0>2Z).—Maps of this class have character- 
istics of both “northerly” and “easterly” types (see fig. 4). 
The principal circulation of the air is from north to south. 
Pressure is lower over the coast than 500-1,000 miles 
offshore and usually there is a marked increase in pressure 
from Portland to the Alaskan Coast, a reve of the 
normal distribution of pressure. The first attempt at 
finding a satisfactory method of segregating the “‘rain” and 
‘‘no-rain” days was by correlating these pressure anomalies 
with the occurrences of rain at Portland. Strong pressure 

adients between southwestern Alaska and Portland 
invariably produced rain. Examination of the data 
showed that there was a critical pressure difference 
between the points, 60° N., 160° W. and 50° N., 130° W. 
This pressure gradient proved to be a valuable variable in 
separating the “rain” and “no-rain’”’ days. 

The other important characteristic of this class is the 
low pressure trough which lies over the coast. There was 
a definite relation between rain at Portland and the 

sition of this trough with respect to Portland. Any 

ws within the trough were of less importance. When- 
ever the pressure at 50° N., 130° W. is higher than the 
pressure at 40° N, 135° W. the effective part of the 
trough has moved south of the latitude of Portland 
which is then out of the path of rain-bearing winds and 
rain terminates. In figure 8 all cases of Class I maps 
are plotted with these 2 pressure difference parameters as 
rectangular coordinates. There is no clear cut separation 
of “rain” and “no-rain’”’ days, but one side of the graph 
is occupied almost wholly by “rain” days. Between this 
cluster of ‘‘rain” days and the few ‘“‘no-rain” days on the 


opposite side there is a zone consisting of about an equal 
number of each kind of weather. These lines probabl 

will require revision when more cases are studied inasmuc 

as there are only four cases on the “‘no-rain”’ side of the 
graph. Those cases in the transition zone were replotted 
using the pressure difference between 50° N., 130° W. 
and 50° N., 150° W. and the 24-hour pressure change 
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at 50° N., 140° W. as coordinates (fig. 9). These two 
secondary variables further refine the characteristics of 
the low pressure trough and the high pressure ridge to 
the northwest. These variables should be used cautiously 
since there are too few cases to establish their validity. 
Class II (M>0, Z>0).—This classification comprises 
the usual ‘“‘northwesterly” types and a portion of those 
commonly called “northerly.” The map in figure 5 
borders between these two types but 1s representative of 
the maps in this classification. The distinguishing feature 
of this class as shown by figure 5 is the high pressure cell 
over the northeast Pacific with its axis oriented northwest- 
southeast. Its eastern periphery may extend inland over 
the coast but the center remains some distance from 
the coast. There may be two centers, one close to the 
California coast, and the other center farther out in the 
Pacific to the northwest. Fronts moving across 
Aleutian Islands and over Alaska are steered southeast- 
ward by the major circulation around this High. This 
current of air becomes very unstable as it moves south- 
eastward over the ocean and in the absence of fronts 
showery weather usually prevails at Portland. The 
scattergram, figure 2, shows that these maps produce rail 
in a vast majority of cases, 91 percent of those in this 
sample. No means were found by which the “no-rai’ 
days could be separated from the “rain” days, probably 
because of the few days without rain weuree to the 
number of days with rain. Thus, for Class II maps, the 
objective method always calls for a forecast of rain. 
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Fioure 10.-Graph showing rain and no-rain cases from Class III maps plotted with 2 
variables of the pressure field as coordinates. 


Class III (Z>0>M, Z>/M/).—These are maps known 
as “southwesterly” types an example of which is shown 
in figure 6. There is a strong circulation from west to 
east with a weaker component toward the north. The 
High off the west coast usually shifts to the south or south- 
west just before the onset of rain. At times it merely 
weakens as another —~ appears farther west. There 
seemed to be a strong relationship between this High and 
the occurrence of rain at Portland but satisfactory results 
could not be obtained by using the location of the center 
of the High. The pressure along the northern edge of 
the High at the coordinate 50°N., 135°W., however, did 
give very good results. The pressure at this point was 
used as one of the coordinates in plotting cases for all 
maps of this class in figure 10. In the large sample rain 
occurred almost invariably whenever this pressure was 
near or lower than 1010 mbs. The effectiveness of the 
High off the coast in shielding Portland from rain is often 
offset by a High over northern Alaska. The probability 
of rain is greatly increased whenever there is a pressure 
ipediens from central Alaska to the coast of British 

olumbia. When this gradient is reversed, southwest 
type Lows frequently recurve farther northward as they 
approach the coast and the probability of rain decreases. 

¢ pressure gradient between the points 65° N., 140° W. 
and 55° N., 130° W. brought out this feature of the ma 
and was used as the second variable in figure 10. Of the 
56 cases below the curve in figure 10, only three failed to 
produce rain, but, in two of these, rain fell in the vicinity 
of Portland. 

Class IV (0>M, /M/>/Z/).—Southerly maps are the 
only type discussed in this paper which produced more 
days without rain than with rain. To a large extent the 
pressure distribution is the reverse of the first class dis- 
cussed. Typical southerly maps (fig. 7) are characterized 
by a broad trough of low pressure several hundred miles 
off the west coast. A series of storms begins in this trough 
and each storm moves in a northerly direction. During 
the period of formation and movement of these storms 
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Figure 11.—Graph showing rain and no-rain cases from Class [TV maps ha lows 
centered within the area 130° to 150° W. and 30° to 45° N. These cases are plotted 
against 2 e variables as coordinates. See figure 12 for further stratification of 
cases which fall below the curve. 


the trough advances slowly eastward and produces rain 
as it nears the coast and moves onshore. Another dis- 
tinguishing feature of these maps is the high pressure over 
the coast and Far West in contrast to low pressure over 
that area in a “northerly” type. Because these Lows 
move northward and generally reach Portland only in the 
late phase of the type, the occurrences of rain are less 
frequent. Many times in the past rain was forecast much 
too early in these situations. 

These maps were the most difficult to deal with and at 
this stage of the study the results are less satisfactory than 
those obtained with other classes. The trough of low 
pressure which is the dominant feature usually extends 
over 30 degrees of latitude. This made it rag oe det 
separate the maps into three groups to obtain the best 
results. One group consisted of maps with Lows centered 
in the area from latitude 45° N. to 30° N. and from longi- 
tude 150° W. to 130° W. For these Lows the pressures 
at the points 50° N., 125° W. and 40° N., 135° W. meas- 
ured the gradient offshore and to a large extent measured 
the intensity of the trough. These two variables were 
used as coordinates in plotting figure 11. On this graph 
a line was drawn, above which most of the cases were 
“‘no-rain’”. However, a search for two additional varia- 
bles was required to further stratify the cases below the 
line. The pressure difference between 40° N., 130° W. 
and 40° N., 160° W. usually covered the breadth of the 
trough and it showed some relationship to rain. Another 
variable which was more significant than many others 
tried was the pressure gradient north to south across the 
western part of the Plateau (pressure difference between 
50° N., 115° W. and 35° N., 115° W.). The results of 


using these variables as coordinates in plotting the cases 
below the curve (fig. 11) are shown in figure 12. In 


19 

4 ( 

20 

| 
st- 
ver 
ym 
he 
she 
she 
st- 
his 
th- 
nts 
‘he f 
his 
in” 
bly 
the 


iS} 


Pressure difference (mbs.) (40°N, 130°W) -(40°N, 160°W) 


@ 
Fain 
ONo Rain 
-3 
~/0 10 20 30 
Pressure difference (mbs.) 
(50°N, 15°W) -(35°N, 1I5°W) 


FicurE 12.—Graph for use with cases which fall below the curve in figure 11. These 
cases are here replotted against 2 secondary variables as coordinates. 


figure 12, the five misses on the “‘no-rain’”’ side of the curve 
are not too discouraging since each map produced only a 
trace, or .01 inch, of rain. 

The second group of maps were those with Lows be- 
tween 45° N. and 60° N. and those with Lows at any 
latitude west of longitude 150° W. On the east side of 
the low pressure trough which is common to a southerly 
type, the isobars lie roughly along the meridians. The 
pressure difference between Portland and the point 60° N., 
140° W. was found to give a satisfactory indication of the 
strength of the southerly flow along the coast and was 
chosen as the first variable for plotting figure 13 for this 
group of maps. When the pressure decreases at a faster 
rate at 60° N., 140° W. than it does at Portland, the 
southerly flow becomes stronger and the tendency for 
Lows to follow a northward course and pass inland north 
of Portland increases. 

The absolute pressure at the point 50° N., 135° W. was 
selected as the other variable for plotting figure 13. This 
variable gives some measure of the intensity of the trough 
and its location or movement. When the trough nears 
the point the rain area usually extends over Portland 


within 48 hours. Low pressure at the point indicates 
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from Class IV maps having a low 
center between 45° and 60° N. or at any latitude west of 150° W. These cases are 


ted ep variables of the e field as coordinates. Cases having lows 
coast and 150° W. 


north of 45° N. are underlined 
that the trough (or Low) is spproaching the coast, whereas 
high pressure indicates that the high pressure system, 
which is found over the west coast in a southerly type, 
still dominates the coastal weather. 

It will be seen from figure 13 that on southerly maps 
with Lows west of 150° W. the stratification of “rain” 
and “no-rain” cases was not entirely satisfactory. This 
suggests that in any revision of this method, these ma 
may have to be treated separately as it may be that the 
original points chosen for typing maps will require revision 
whenever there is a negative meridional drvaatien: 

Frequently there were Class IV maps with Lows in both 
areas upon which the above two groupings depend. Each 
such casa was treated individually according to procedures 
for both groups. In tests it was found advisable to fore- 
cast rain if the objective forecast of either group indicated 
rain. 

The final group of southerly maps were those with a 
low center east of 130° W. and no center from 130° W. 
to 160° W. and from 35° N. to 60° N. Lows centered east 
of 130° W. were moving onshore and none in the sample 
produced rain. Thus, for this group of Class IV maps the 
objective method always calls for a forecast of “no-rain.” 

Class V (0>M>Z).—Maps in this class may be similar 
to figure 7 except that usually only the southernmost Low 
is present and the two large Highs meet north of this low 
pressure centar. There were only 6 maps of this class in 
the total of 297 maps of the original sample and only 3 in 
the 121 maps on which tests were sande. Because the 
cases in the sample were too few to permit obtaining signil- 
icant results, no ee technique was developed. 
Therefore, it is merely noted in passing that there were 
2 “rain” days and 4 “‘no-rain” days in the original sample 
and 3 “rain” days and no “no-rain” days in the test 
sample. 
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* VERIFICATION same as in January and Feb . These four months 
were chosen arbitrarily although the total days with rain 
ORIGINAL CASES was 27 percent above the average as shown in the follow- 
Verification of forecasts made by the objective method ing table. In December 1933 rain fell on every day. 
for classes I, II, III, and IV of the original cases used in the —_ — paren 9 1930 had rer a of 
loping the system is given in table 1. rainy days but the total precipitation for the month was 
developing low. The skal score over the Climatological 
: TaBLE 1.—Verification of forecasts for original cases. forecasts and the percentage of hits were just a little 
cunnniée igher in the two Decembers than in the January and 
ids’ February test months. Other tests made from day to 
day d the winter 1947-1948 gave results comparable 
to those of the test months. 
TY A break-down of the maps in the four test months was 
Skill score !=.92 
Total... 20 8 28 Class ‘ofmaps | Rain days | 
FORECAST 
II Rain | Norain] Total 27 18 9 
Total...| 106 ol 106 
rial Verification of forecasts made from these independent 
Rain | Norain] Total 
bt ! n data for December 1930 and 1931, and January and 
ome te P és February 1937 gave the results indicated in table 2. 
OBSERVED Percent correct =91 TaBLE 2.—Verification of forecasts for independent cases 
eas No rain. ......- 3 12 15 
m, Skill score=.81 Rain | Norain] Total 
pe, Total...| 55 15 70 
FORECAST 16 18 
Ciass1V Rain | Norain] Total OBSERVED Percent correct =85 
No rain. 4 5 9 
his 22 23 Skill score =.69 
OBSERVED Percent correct =84 Total... 22 5 27 
No rain........ 3 51 54 
ion Skill score =.70 Rain | Norain| Total 
Total... 25 62 87 
D FORECAST Rate... i. 28 0 28 
ach Chases Rain | Norain] Total OBSERVED Percent correct =85 
res i No rain........ 5 0 5 
re- IV. ae 189 14 203 Skill score=.64 
ted OBSERVED Percent correct =89 Total... 33 0 33 
17 71 88 FORECAST 
18 Skill score=.77 Rain | Norain] Total 
W. Total.._ 206 85 291 Ctass III 
ast The skill score, S., in this study is defined by Rain........... 28 4 32 
OBSERVED Percent correct =83 
n.” where Conumber of correct forecasts, Notain.......- 
ilar T=total number of forecasts. Total a 
ow It has a value of unity when all forecasts are correct, and zero when the number of correct sei 
. correct from an equal number of random forecasts of rain days and no-rain days, with the Rain | Norain| Total 
} portion of rain days to no-rain days in accordance with climatological av forthe 6 sss ty 
in ey Hence, the number of forecasts expected to be correct on this may A 
ed. jp=telative frequeney of occurrence of rain days during the period covered by Skill score = .62 
ere forecasts, determined from climatological data (Ex: If oy | January and Febru- Total 9 8 17 
ple ary, 50 days, it rains on the average 37 days, f, would be 37/59). "0a 
INDEPENDENT CASES dhe 
. To subject this system of forecasting to a test in cases Ul, ANDI re 83 7 90 
independent of those used in the investigation, the months OBSERVED Percent correct =84 
of January and February 1937, and December 1930, and No rain.......- 12} 16 28 
1933, were selected. A preconception was that the weather Skill score =.63 
regime at Portland in December is normally about the Total 95 23 118 


‘ 
» 
t 
7 


140 MONTHLY WEATHER REVIEW May 1949 


CONCLUSIONS 


1. The method of forecasting described here is highly 
objective. It can reduce differences of opinion as to map 
types and reduce the number of differing forecasts. How- 
ever, it should be used as an aid to rather than as a sub- 
stitute for the usual forecasting precepts. Study of ad- 
ditional maps is necessary in order to either confirm the 
results in this paper or to develop more efficient parameters. 

2. Although data are based on 1300 GMT maps experi- 
ence has shown that satisfactory results can be obtained 
with maps for other times of the day. 

3. In this method of determining map types by mathe- 
matical relationships between circulation indices, suc- 
cessive 6-hourly maps may fluctuate between two or even 
three types when one or both indices are small. The 
movement of a Low or a small High across one of the key 
coordinates will cause a fall and rise of several millibars 
within the course of aday. This results in a slight change 
in one of the indices, but often the change is sufficient to 
shift the maps from one type to another when maps are 
only six hours apart. In such cases it is advisable to as- 
sume the original type unless there is evidence that the 
es type is permanent. 

4. From forecasts made by this method from successive 
6-hourly maps the time of beginning and ending of rain 
often can be anticipated within a few hours. This man- 
ner of timing can be useful when the location or speed of 
fronts cannot be determined, and useful also during periods 
of shower 

5. Whenever the objective forecast is strongly opposed 
to the forecast obtained in the usual manner it is advisable 
for the forecaster to examine the maps more carefully and 
review his reasoning. In day-to-day tests four instances 


of this kind are recalled. A reevaluation of the data on 
the maps revealed evidence of phenomena which would 
cause rain, and the original analyses were revised. Re- 
ports were scarce and the little data had to be weighed 
carefully, nevertheless these phenomena were borne out by 
subsequent charts. 


REFERENCES 


1. E. M. Vernon, “An Objective Method of Forecasting 
Precipitation Twenty-four to Forty-eight Hours in 
Advance at San neisco, California.” Monthly 
Weather Review, vol. 75, No. 11, November 1947, pp, 
211-219. 

2. T. R. Reed, “Weather Types of the Northeast Pacific 
Ocean as Related to Weather on the North Pacific 
Coast.” Monthly Weather Review, vol. 60, No. 12, 
December 1932, pp. 246-252. 

3. Ralph Abercromby, Principles of Weather Forecasting 
by Means of Synopic Charts, H. M. Stationery Office, 
London, 1885. ; 

4. Jean A. Brown, Weather Map Types for Use in Daily 
Forecasting Winter Rainfall Amounts at Los Angeles, 
California, U. S. Weather Bureau, July 1943. 

5. Meteorology Department, California Institute of 
Technology, Synoptic Weather Types of North America, 
California Institute of Technology, December 1943. 

6. J. C. Thompson, Teepe Report of Objective Rain 
Forecasting Research Program for the Los pre 
Area,” Weather Bureau Research Paper No. 25, July 
1946, 

7. Joint Meteorological Committee, Daily Synoptic Series, 
Historical Weather Maps, Northern Hemisphere, Sea 
Level, 1899-1939, Washington, D. C. 


ADDITIONAL TESTS OF COUNTS’ OBJECTIVE METHOD OF FORECASTING 
WINTER RAIN FOR PORTLAND, OREGON 


T. E. Jermin 
{Weather Bureau Airport Station, Seattle, Washington] 
Manuscript received June 21, 1949 


The Weather Bureau District Forecast Staff at Seattle, 
Washington, made practical use of Counts’ objective 
method of forecasting precipitation for the second day in 
advance at Portland, Cuegosi, during the winter season of 
1948-49. In the application of the method, the Seattle 
Staff rigidly followed the rules set forth by Counts, except 
that the forecast period was considered to be 24-48 hours 
after map time instead of 20-44 hours used by Counts; 
for the purpose of this test no attempt was made to im- 
prove the forecasting results by following suggestions 
contained in his article. A record of the M and Z values 
for the 0030 GMT and 1230 GMT maps was kept during 
the months of November, December, January, February 
and March. Each case was immediately classified and 
the forecast obtained from the scatter diagrams was 
recorded and also used by the staff forecaster as an aid 
in making the official forecast. 


There were 302 maps used in the test and they were 
segregated as follows: 


Class Namber | Rain days} 
133 113 20 


The ratio of “rain” days to “no-rain” days is very nearly 
the same as found in Counts’ original investigation of 
297 cases. The greater number of Class II cases a 
fewer Class IV cases in the present test compared to the 
original study is very noticeable. 
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VERIFICATION RESULTS FOR WINTER 1948-49 


Verification of the objective forecasts for Portland for 
the 302 cases is given in Table 1: 


‘TaBLE 1.—Verification of for Portland, winter 
1948-. 


FORECAST 
Rain | Norain| Total 
Crass I 
15 3 18 
OBSERVED Percent correct =77 
3 5 8 
Skill score=.50 
18 8 
FORECAST 
Rain | Norain| Total 
Crass II 
Rain........... 113 0 113 
OBSERVED Percent correct =85 
No rain. ....... 20 0 2 
Skill score=.66 
Total 133 0 133 
FORECAST 
Rain | Norain| Total 
Crass III 40 8 48 
OBSERVED Percent correct =78 
No rain........ 8 16 
Skill score=.53 
Total 48 24 72 
FORECAST 
Rain | Norain| Total 
Ciass IV 
15 12 27 
OBSERVED Percent correct =79 
No rain........| 1 33 34 
Skill score =.58 
Total 16 45 61 
FORECAST 
Rain | Norain] Total 
CLass V! 
0 2 2 
OBSERVED Percent correct =80 
No rain........ 0 8 8 
Skill score=.67 
Total... 0 10 10 
FORECAST 
Rain | Norain] Total 
ALL CLASSES 
ad 183 25 208 
OBSERVED Percent correct=81 
No rain........ 32 62 94 
Skill score=.60 
Total... 215 87 302 


! Editor’s note—Counts’ data for Class V were too few to permit obtaining significant 
results and developing an objective procedure. Thus, this of table 1 is not a verifica- 
tion of forecasts by Counts’ method, but is a verification of made on the assump- 
tion that all class V cases give ‘ ” 


_ Before commenting on the results of the 1948-49 test, 
it might be well to point out three factors which un- 
doubtedly contributed to scores lower than those in 
Counts’ paper. First, as already mentioned, this test 
verified forecasts 24-48 hours after map time, while 


$43902—4——2 
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Counts used the period 20-44 hours after map time. In 
other words, the method was tested for a forecast period 
four hours farther into the future than the period for 
which it was developed. Next, the winter season was 
extreme with respect to precipitation and temperature 
over the Pacific Northwest.2 The weather of the test 
months may be described briefly as follows: November, 
moderately wet and cold; December, precipitation mod- 
erately above normal and exce tionall cold; 
extremely cold and extremely dry; February, very cold 
and wet; March, rather cool with less than normal precip- 
itation. Finally, bias introduced by testing with 
extreme data was approximately doubled by verifying 
forecasts made on two maps daily instead of one as in the 
original paw While Counts concluded that the objec- 
tive method could be used with maps for times other than 
1300 GMT, it was found in this study that the percentage 
of correct forecasts on 1230 GMT data was 82 and on 
0030 GMT data was 80. Possibly this variation is not 
eat enough to be significant, but had the 0030 GMT 
ata been discarded for the past season it would have 
given a higher percentage of verification to the scheme. 


DISCUSSION OF VERIFICATION RESULTS 
CLASS I 


Table 1 shows that the percentage of correct forecasts 
for Class I during the 1948-49 season was 77, a value 20 

rcent below that for Counts’ original data and 8 percent 

low that in Counts’ test for independent cases. The 
increase in errors was mostly in the “no-rain"’ forecasts— 
rain occurring when none was forecast. Figure 9 of 
Counts’ article shows a curve clearly separating “rain’”’ 
cases from ‘‘no-rain’’ cases, imilar scatter diagram 
prepared for the 1948-49 data did not disclose any group- 
ing which would permit easy separation of cases. Counts 
states that his di were prepared on relatively few 
cases and that the results should be used with caution. 
The test by the Seattle Staff suggests that additional study 
is necessary to select better parameters for stratifying the 
Class I cases which were plotted on Figure 9. 


CLASS II 


Class II cases produced the highest percentage of cor- 
rect forecasts of all classes in the 1948-49 test. The per- 
centage, 85, was slightly lower than the 91 percent for 
a original data but was the same as for Counts’ 
test data. 

Noting that Counts’ method calls for a forecast of “rain” 
for all Class II cases, the Seattle Staff found two factors 
which, if taken into account, might increase the accuracy 
of forecasts for this class by providing for a forecast of 
‘no-rain” in certain situations. First, when the western 
half of the North American Continent is covered by cold 
air there is a tendency for Lows of the mre ong type 
to move southeastward off the west coast of the United 
States far enough out to sea that the precipitation area 
of the storm does not extend to Portland. Second, for 
cases which result in “no-rain’ and which have a large Z 
value, the error of the “rain” forecast is often an error in 
—"" rain usually occurs prior to the verification 
period. 

2See Klein, William H., “The Unusual Weather and Circulation of the 1948-1949 
Winter,” Monthly Weather Review, vol. 77, No. 4, April 1949, pp. 99-113. 
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CLASS III 


The percentage of correct forecasts for Class III cases 
was only 78 as compared with 91 percent for Counts’ 
original data and 83 percent for Counts’ test data. 

mprovement in forecasting for this Class by favoring 
rain forecasts for large values of Z is suggested by the 
important role played by the westerlies and southwesterlies 
in producing rain over the Pacific Northwest. If a line 
having the equation 10Z+7.5M—75=0 is drawn on 
Count’s figure 2 it will be noted that there are fewer 
“‘no-rain” cases on the side having the greater Z values. 
Had the Class III cases for which the objective method 
forecast no rain at Portland and which fell to the right 
of the line been changed to call for rain, the verification 
of this Class in the test by the Seattle Staff would have 
been increased to 85 percent and the skill over Climato- 
logical forecast raised to .68. 


CLASS IV 


Seventy-nine percent of the objective forecasts for Class 
IV cases were correct during the 1948-49 season. The 
exceptions are baffling. A few days of rain when none 
was forecast could be attributed to precipitation occurring 
with wave development on the cold front of outbreaks 
of Polar Air west of the Continental Divide. Seven of the 
misses occurred in January, 2 in February and 3 in March. 
The fact that January was extremely cold over the Pacific 
Northwest undoubtedly lessens the value of data for this 
month as test data. 


CLASS V 


There were too few cases of this class in the original 
work and tests for Counts to draw conclusions. ata 
gathered during the past season indicate that Class V 
cases will veily high on “‘no-rain’”’ forecasts (table 1). 


APPLICATION OF METHOD TO OTHER 
STATIONS 


In using the objective technique, the Seattle forecasters 
appreciated the simple set of coordinates which Counts 
selected and also the fact that the same set is used for all 
classes. Obviously, a method such as Counts’ will work 
best for locations where ae is closely related to 
the flow pattern of the lower part of the atmosphere as 
reflected ae surface isobars. Even though mountain 
barriers influence precipitation over all of the Seattle 
Forecast District and the circulation of the atmosphere 


at higher levels becomes more important than the surface 
flow in the production of precipitation, it was decided to 
apply the forecasts for 


ortland obtained by Counts’ 


May 1949 


technique to the stations at Seattle, Medford, Spokane, 
and Boise. The results of the verification by months are 
tabulated in Table 2: 


TaBLe 2.—Percentage of correct forecasts by Months and Seasons 
and Skill over Climatological Forecast for Season 


Sea- Skill 

Station Nov. Dec. Jan. Feb. Mar. son Score 
Postiand......... 92 77 68 88 77 81 0.60 
Seattle__...__.._- 90 76 65 80 69 77 53 
Medford 77 68 79 80 76 75 52 
Spokane__._....-- 75 74 66 70 64 70 4] 
ee hata a 73 68 79 68 61 70 43 


The final results are much as expected and indicate that 
the objective forecasts for Portland might be applied with 
some reservations to Seattle and Medford and produce 
creditable results. For instance, it was noted that Class 
II frequently failed to give rain at Seattle because the city 
lies in the lee of the Olympic Mountains when the flow 
is from the northwest. 

November and February proved to be the best verifica- 
tion months for all stations except Boise which had a high 
verification for pees’ and Medford with highs in Jan- 
uary and February. In January there were a large num- 
ber of “hits” credited for ‘“no-rain” forecasts at Boise 
when a trace of rain occurred and also credited for “rain” 
forecasts when a trace of rain fell on the day before or 
following a day having a measurable amount, in accord- 
ance with verification procedure used by Counts. The 
fact that Medford verified so high in January may be 
attributed to the reason mentioned earlier that Class II 
was affected by the cold air over the continent: the storms 
forced south of Portland frequently gave rain to Medford. 

Since the method did not give good results for Spokane 
and Boise, much time was spent trying to find coordinates 
and parameters which weed work equally well for Boise 
as for Portland. Results were negative and it will prob- 
ably be necessary to correlate upper air data in order to 
obtain satisfactory results. 


CONCLUSIONS 


This investigation revealed that the splendid and suc- 
cessful results obtained by Counts stemmed from long 
hours of research and a thorough knowledge of eee 
for the Pacific Northwest. It was found that his meth 
does what he claims and is best considered as an aid to the 
forecaster and not a tool which will supplant reasoning in 
forecasting. The method does, however, suggest tech- 
niques for the use of high speed electronic computers 
which would be able to handle many more variables 
simultaneously. 
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6.3 31| 1,470} 13.8) 55 3 31) 1,548} 15.9] 75 1, 
| 3.5| 1,978] 10.2) 57 3 | 2.061| 13.3] 65 4 % 
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—9.2 31| 4,304) —5.6) 56 49 33] 31) 4,437] 1.8) 37 4, 
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3 6, 630|—16.7|-.--| 31 6, 417|—24. 8)... 31) 6, 496|—21. 7)... 6, 530| —20. 6)... 
81] 7, 2B 81] 7,250\—30.6....| 31) 7,345|—28.1).... 7, 384| 
27 30| 8, 31] 8, 30) 8 8, 330) —34. 2)... - 
9, 24 30| 30, 9, 341/—43.9).... 9, 390 —42. 
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28| 12 31| 11, 26) 11, 967|—58. 9)... 12, 022|—58. - 
18 27| 13, 30 12 705|—55. 24| 12,785) —60. 12, 855| —60. 2).... 
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LATE REPORTS OF AEROLOGICAL DATA FOR APRIL 1949 


TaBie 1 
Swan Island, W. I. Swan Island, W. I. 
(1,012.8 mb.) (1,102.8 mb.) 
Hal 
Standard pressure surface (mb.) Standard pressure surface (mb.) : 
4 
30 10} 26.1) 80 6, 715] —10. 
122} 25.5) 80 7, 606 
577| 22.3) 83 
30} 1,043) 20.0) 73 
1,535| 17.4) 64 
30} 2,051] 14.9) 55 
30} 2,598) 12.6) 43 
30} 3,172) 9.8) 34 
3,787; 6.8)... 
4,437, 3.5)__.. 
5,136) 
29) 5,802} —5.5/_... 


TABLE 2.—Free-air resultant winds based on pilot balloon observations made near 2200 G. C. T., during May 1949. Directions given in degrees 
from north (N=360°, E=90°, S=180°, W=270°). Speeds in meters per second 


Albuquer- Browns- 

Abilene Atlanta, Billings, | Bismarck Boise, Buffalo, | Burlington, | Charleston, | Cincinna Denver, E] Paso 

Tex. | | Ge Mont.’ | N.Dak.’| Idaho Vt. 8.0. '| Ohio ‘| Colo. Tex. 

(534 m.) 1,627 m.) (299 m.) (1,095 m.) (305 m.) (868 m.) (7m.) (220 m.) (100 m.) (16 m.) (273 m.) (1,618 m.) | (1,198 m,) 

me 

5.1) 31) 208) 2.4) 31) 319) 1.2) 31) 315) 0.5) 30) 280) 0.4) 31) 328) 3.9) 31) 130) 7.3) 31) 244) 3.3) 30, 252) 1.4) 28) 149) 1.3) 31) 244) 1.5) 29) 31) 0.8) 31) 213) 3.7 
31] 277} 31) 144) 8.2) 31) 256) 5.9) 30) 249, 2.7) 152) 2.4) 31) 246) 
6. 31) 263] 30) 273) .6) 31) 326) 4.1) 30) 159) 7.0) 31) 265) 6.9 29) 254) 4.0) 28) 248) 1.2) 30] 256) 
7. 28) 263] 3.2) 31) 28) 264) 1.8) 31) 312) 3.4) 24) 168) 5.5) 31) 268) 7.3) 28) 264) 5.8) 28) 307) 2.8) 27| 254) 31) 218) 4 
7.5) 31; 3.8) 25) 271) 4.0 247) 1.4) 27) 277) 3.2) 291) 2.9) 22) 164) 29) 273) 8.6) 24) 275) 8.0) 24) 315) 4.5) 26) 271) 5.6) 29) 46) 1.1) 31) 219) 4.6 
7.8) 31) 229) 4.5) 25) 284) 5.0: 2.0) 26) 283) 4.4) 30) 2.5) 19) 161) 3.2) 26) 276) 9.4) 22, 276)10.1) 22) 313) 5.6) 23) 283) 6.4) 29) 246) 31) 223) 45 
6.6} 31) 229) 5.2) 23) 202) 5.8) 26) 260) 3.9) 23) 290) 7.0) 30) 234) 2.7) 17| 181) 3.3) 24, 284/11.4) 21) 277/12.4) 21} 308) 6.3) 20) 301) 7.0) 28) 197) 1.2) 31 
9.0) 30) 238) 7.9) 19) 289) 8.6) 19) 259) 3.6) 20) 295/10. 1) 26) 195) 3.5) 15) 228) 2.9) 22) 285/13. 7| 18) 279)14.7| 21) 301) 15) 305) 8.0) 22) 244) 7.4) 31) 241) 9 
10. 3) 245/10. 6) 13) 290)11.9) 17) 265) 5.7) 13) 290) 9.8) 21) 204) 1.7) 13) 274) 4.6) 15) 287/14. 2) 15) 282)17.7| 18) 292) 8.7) 12) 312) 17) 249/10. 5) 29) 245/13" 
13.3) 27| 248)14.4) 10) 296/10. 6) 14) 250) 17) 235) 11) 260) 11] 277/18. 6) 17) 205) 9.8) 12) 308) 8.4) 12) 258/11.8) 27 246/14" 


J | 
Ely, Nev. | Junction, "| Mont. | ville, Fla. | Ill. Nev. Ark. Oreg. Fla. Ala. Tenn. '| N.Y. 
aaa.) | | (67m) | | G78m) | (63m) | @sm) | Gi6m) | Gim) | (6m) as?m:) | 


| | | j | | 
Surface... 194! 1.9} 31) 230 1.8 0.6} 29) 208! 0.7) 30) 65) 2.3) 30 250! 1.5, 31) 199) 2.8 301 188 1.6 31 1.2 30 1001 3.3 311 2.2 297 0.6 30 194! 0.7 
----|---|---- 29) 220 1.1 30; 44) 1.0) 30) 271) 30 202 2.4) 31) 288) 1.4) 30, 105, 4.1) 31, 217) 2.5) 31, 264) 1.0) 30) 250 23 
20) 227, 1.8) 304 1.6) 29) 328) 1.3) 28) 246) 3.1) 31| 195) 3.8) 29 211, 3.4) 31) 278) 1.7 30} 85| 2.1 | 258) 1.5) 29) 230) 2.1) 30) 274 37 
1,500...---- 81) 283) 2.0) 27) 259) 3.3) 29) 277) 1.2) 28) 293) 2.5) 25| 241) 4.6) 31) 202) 4.0) 26, 2.8) 31/ 263) 30) 8 3.0) 278) 1.8] 29) 256, 2.9) 29) 284) 5.0 
2,000... .--- 31| 194) 2.1) 31) 243, 2.6) 27) 288) 5.1) 27| 259) 2.3) 25) 207) 3.0) 25) 255, 6.5) 30) 207| 4.9) 25) 240| 3.0 192) 7| 2.7) 333) 27, 273) 4.2) 27) 201) 6.8 
31| 3.1| 31) 231) 2.8) 27) 297! 6.6| 26) 253) 3.0| 24) 299) 4.1 279 29} 208) 5.1) 21) 253 4.2) 24) 182) 23) 323) 2.8) 17) 360) 3.1| 279) 5.2) 26) 206 7.6 
3,000... ..--| 30} 197| 3.0} 31| 231) 3.9) 295) 7.0) 22) 263| 5.0) 23) 313) 5.1) 18) 289) 9.4) 28) 214) 5.0) 17) 252) 23) 195) 1.3] 21| 3.6) 14) 357| 2.9) 23; 279! 5.6) 298) 9.0 
21| 214| 5.0} 226) 4.8 22) 303) 6.7) 12) 271) 7.1) 20) 327) 6.3) 15) 289/10. 1) 27) 240) 18 252; 19 317, 2.3) 14; 318) 3.5) 21, 282 6.6, 10) 288, 86 
§,000_......| 18) 235) 6.6 | 6.8} 17; 307, 6.3) 11) 267) 6.1) 17) 317) 26 238) 15| 281| 1.7| 13) 4.2) 10) 325] 5.4) 15) 298] 
15] 251] 9.2] 21) 249) 5.3} 12) 306) 315) 9. 22) 249/10. 14! 303) 12) 
| 
Sault Ste 

Altitude | Oakland, | Oklahoma | Omaha, Phoenix, |Rapid City,| St. Cloud, | St. Louis, | San An- | San Diego, * | Seattle, 8 i. a 7 
(meters) | Calif,’ | City, Okla.| Nebr. Ariz. Dak.”'| Minn. Mo. ’ | tonio, Tex.| Calif. | Wan 

m.s. 1. (8 m.) (396 m.) (306 m.) (338 m.) (982 m.) (318 m.) (181 m.) (240 m.) (13 m.) (221 m.) (116 m.) (725 m.) (24 m.) 

| 

Surface 31/ 265) 6.3 ai 16s! 4.3) 30 14! 2.0 232) 1.5) 31) 117) 0.9 a1| 224| 1.9 31) 1.8] 30) 135! 3.8 259) 3.7 307| 3.4| 30) 260| 1.9| 2.0 20) 224| 1.0 

31; 274| 5.1| 31| 173| 30) 2.6) 31; 232) 31| 222) 1.9) 31) 212) 2.1) 30) 148) 5.0) 31| 256) 2.9) 31| 284) 3.8] 30) 284] 30) 236, 2.0 
25| 296) 3.1] 31) 189) 5.1) 29) 195) 3.9) 31) 233] 2.3] 31| 132) 217, 2.7/ 30) 222) 3.9] 29) 4.9) 23) 274| 1.9) 29) 270; 27| 270| .9| 30) 228) 2.4) 30) 252 3.0 
25| 3.3 209) 5.8) 25 313) 5.9) 31) 221) 2.4) 31) 1.5 | 244) 28) 234) 5.6) 27) 155) 5.2) 22) 264) 2.5) 26, 268) 4.7) 27| 200) 1.0) 30) 223) 2.5) 29| 269) 4.2 
25| 293) 2.7) 26) 221) 7.1) 23) 234) 31) 216) 3.7) 20) 256) 21| 280) 5.4) 27) 252) 5.3) 25) 175) 5.2) 267) 2.2) 26) 282) 24) 243) 1.4) 26| 227) 2.7) 25) 27| 5.7 
23) 289) 3.3) 22) 241| 7.1) 14) 275| 3.7) 31) 213) 5.1) 26) 269; 2.3) 18 281| 7.5| 6.6! 20) 200) 3.5} 19) 280) 2.4) 23) 23) 208] 23) 224) 2.4) 23) 207, 81 
21| 282) 3.8) 20) 243) 7.4) 12) 285) 3.9) 31) 218) 6.2) 24) 272) 4.0) 16) 286/10. 9) 22) 282) 7.3) 15, 263) 3.2) 19) 271 4.3) 22) 302) 9.0 206| 3.1) 215) 22) 303) 9.6 
21] 6.4 18) 256/10. 7}...|....|.-.- 29) 238/ 8.4) 24! 286) 5.4) 12) 30211. 5) 16) 304| 6.5) 11) 286) 4.5) 19) 7.9) 19) 301/126) 16) 250] 3.9) 18) 240) 4.4) 19) 295 10.8 
279) 9.5) 15) 262/11. 28) 248/10. 4) 21) 274) 7.2) 10) 298/12. 4) 12) 316) .---| 18} 277] 9.6] 19) 303/14. 8| 16] 4.4) 14] 240) 18) 306,10.9 
21 20/12. 253/12. 9| 18| 10} 306) ----| 17] 271/10. 6} 15) 308/18. 16} 238] 6.0) 11) 233) 4.7) 16) 287|11.7 
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RIVER STAGES AND FLOODS FOR MAY 1949 


The most damaging floods during the month occurred 
in the eo ed Trinity at Fort Worth, Tex. It was the 
worst flood on record for that city. Severe damage also 
occurred in the Arkansas Basin in Oklahoma from the 
record to near record floods. 

Atlantic Slope Drainage.— Considerable rainfall in Maine 
during the last decade of May brought the river flow to 
near normal and the reservoir storage to about 85 percent 
of normal. In New Hampshire the streamflow was 
somewhat below normal even though the rainfall for the 
month was above normal, as the snow melted well in ad- 
vance of the normal date due to the early spring. 

There were no major rises in the Delaware River Basin 
during the month even though the precipitation averaged 
nearly twice normal. Minor rises occurred on the 22—23rd 
on the Perkiomen and Brandywine Creeks. Rises of 3 to 
4 feet occurred in the West Branch of the Susquehanna 
in Pennsylvania from the heavy rains on the 19th and 
20th which averaged more than 2.5 inches. 

Near bank-full stages occurred in the Upper Rappa- 
hannock at Remington, Va., due to the heavy rain on the 
2d and 3d. The precipitation over the Rappahannock 
Basin during this storm averaged 1.2 inches. 

Heavy rain occurred over the headwaters of the Roanoke 
on the last day of April and on May 16th weris rapid 
rises to above flood stage at Altavista, Va., on May 2d 
and 17th. No flooding occurred at other points as the 
crest flattened out as it moved downstream. Heavy 
showers occurred over most of eastern North Carolina on 
the 10th and 11th with the heaviest showers (over 4 
inches) in the Raleigh area, os — stages on the 
Neuse River below Neuse, N. C. Flooding also resulted 
on the Roanoke and lower na gv Fear Rivers. Some pas- 
ture and crop damage resulted from the inundation along 
the Neuse. 

Heavy rains occurred in the Yadkin and Santee River 
Basins and light to moderate rains in the Pee Dee Valley 
in South Carolina on the 1st causing light flooding along 
several streams. No damage was reported but there was 
considerable loss in wages due to interruption of lumbering 
activities. 

Heavy to excessive rains from April 28 through May 
2d caused light flooding in several streams in Georgia. 


- The rainfall averaged 3.85 inches in the Savannah drainage 


area above Augusta and 2.97 inches in the Ogeechee 
drainage. No damage of consequence resulted. 

East Bf Merico drainage.—Heavy rains occurred in 
the East Gulf of Mexico drainage during the last three days 
of April and the first two days of May and caused light to 
moderate flooding in streams in the area. Some damage 
resulted to growing crops and the loss in wages due to the 
interruption of gravel dredging and logging operations. 

Missouri Basin.—Local minor overflows occurred on 
the Upper Republican, Solomon and Blue Rivers during 
the beginning and ending of the month. During the latter 

riod there was also some light local overflow on the 

ower Marais des Cygnes. The first overflows were the 
result of moderate rains on the 5th and 6th (0.75 inch 
in Upper Blue and Solomon to slightly over an inch over 
much of the Republican) followed by heavy rains on the 
7th and 8th (nearly 2 inches in the Upper Republican and 


bas Blue and 1 inch in Upper Solomon.) 

ight flooding resulted on the North Fork of the Elk- 
horn at Pierce, Nebr., from the heavy rain on the 20th 
and 21st. The heaviest rains were reported in the Wausa- 
Osmond-Pierce area averaging from 4 to 4.5 inches during 
the 18-hour period ending at noon on the 21st. The re- 
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mainder of the North Fork Valley received from 1.5 to 
nearly 3 inches. 

Ohio Basin.—Heavy thundershowers over the upper 
portion of the Wabash River on the 21st caused 
rises to above bank-full stages from Wabash to Terre 
Haute, Ind. Additional rain occurred on the 22d and 
23d. The total rainfall during the period was as follows; 
Legppepert, 5 inches; Peru and Monticello, 4 inches; 
Wabash and Rochester, 3 inches; and La Fayette, Coving. 
ton and Terre Haute, 2 inches. Some damage resulted 
to growing crops at La Fayette and Covington. 

kansas Basin.—There was considerable flooding in 
the Arkansas Basin during May with most of it occurring 
in Oklahoma. The maximum stage of record occurred on 
the South Fork at Alva and on Medicine Lodge River ai 
Kiowa, Okla. Severe flooding of near-record proportions 
occurred along the Cimarron. The crest of 15.0 feet at 
Perkins, Okla., was the highest since October 5, 1926, 
when the maximum stage of 17 feet was reached. The 
crest on Cottonwood Creek at Guthrie, Okla., was 2 feet 
higher than the maximum of record established in 1897 
and on the Cimarron at the same point it was the third 
highest of record. Minor to moderate flooding occurred 
along the Arkansas from Fort Smith to Morrilton, Ark. 
The severe flooding was due to heavy to excessive rains on 
the 1st, 7th, and 16th to 26th ranging from 5 to 10 inches. 
Severe damages resulted from the pening 

Red, Lower Mississippi, and Atchafalaya Basins.— 
Scattered heavy showers occurred over the Sulphur in 
the Red Basin on April 28th and 29th (2.5 inches at 
Mount Pleasant, Tex.) causing light to moderate floodi 
below Hagansport, Tex. Only minor flooding resul 
on the lower White River in Arkansas from the moderate 
to heavy showers with excessive rains of 5 inches in the 
extreme upper portion of the basin. 

The Yazoo River in the Lower Mississippi Basin re- 
mained above flood —_ at Yazoo City, Miss., until the 
-, It was 5 feet below flood stage at the end of the 
month. 

Flooding along the Atchafalaya at Morgan City, La., 
was due to wind and tide effects. 

West Gulf of Mexico drainage.—Light flooding occurred 
in the upper Sabine at Mineola, Tex., in the beginni 
of the month due to heavy rains (2 inches) on April 26 
and 29. Heavy rains on the 17th caused additional 
moans at this point. No damage of consequence 
resulted. 

The flooding which resulted in Fort Worth, Tex., from 
heavy thundershowers on the 16th and 17th and levee 
breaks was the worst on record. The heaviest rains 
occurred over South Fort Worth with 10 inches reported 
in the Meadowbrook section. The rainfall ave 
4.17 inches over the Upper Trinity above Rosser, Tex. 
No information was available on the actual gage heights 
during the critical stage of the flood as the river gage was 
washed away early on the 17th. The crest of 25.9 feet 
later determined was 1.9 feet higher than the previous 
record crest of 24.0 feet in April 1932. 

The crest at Dallas of 46.9 feet was the second highest 
of record. It was exceeded only by the flood of May 25, 
1908, when a crest stage of 52.6 feet was reached. The 
only other comparable flood which has occurred on the 
Trinity in Dallas was in 1942, when a crest of 45.75 feet 
was reached on April 26. 

The crest flattened out considerably as it moved down- 
stream and no record stages were reached in the Trinity 
below Dallas. 

Most major floods in the Upper Trinity have been 
caused by a series of rainstorms over a period of sev 
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days, whereas this flood was caused by heavy thunder- 
showers which occurred within a 24-hour period. In 
April 1942, run-off from four separate rainstorms over a 
period of 20 days moved through the channel before 
reaching a flood stage of 45.75 feet at the Dallas gage. 

The greatest damage to urban property occurred in 
Fort Worth. Extensive damage was done to a national 
retail and mail order house in that city, numerous used 
and new car dealers, thousands of residences, levees, city 
streets, water plant and other public utilities. Much of 
Fort Worth was without water in the city mains for a 
period of about 3 days. Severe Sate along 
the lowlands outside of the Dallas levee district, and sev- 
eral sections of South Dallas, unprotected by levees, were 
inundated. However, most of Dallas escaped damage 
from the flood due to protection afforded by the levee 

stem. Levee breaks were reported near Rosser, which 
caused some ore of farm lands. Damage to growing 
crops was greatest along the main river channel [aicoen 
Fort Worth and Rosser. At least 10 people are known 
to have lost their lives as a result of this flood in the Fort 
Worth area. 

A major flood occurred in the upper Brazos at Lubbock, 
Tex., due to heavy rains (5 inches) on the 6th and 7th. 
Approximately 350 homes and businesses were flooded in 
the area. Many residents had to be evacuated by rescue 
boats. Damages were moderate. 

Columbia Basin.—The Snake River and tributaries rose 
steadily ery! May until crests were reached during the 
latter part of the middle decade except for minor recessions 
from the 4th to the 8th. No flooding occurred except on 
the Clearwater at Kamiah, Idaho, whose crest of 15.8 feet 
was 3.4 feet lower than during 1948. 

Snowfall was unusually heavy during the early winter 
months in the Columbia River Basin above the Grand 
Coulee Dam. At Spokane, Wash., a record snowfall of 
33 inches occurred during the month of December while 
for the season as a whole more than 70 inches were meas- 
ured which is twice normal and one of the heaviest falls 
of record. By the first of March the mountain snowpack 
ranged from 25 to as much as 75 percent above average 
in the headwaters of the Clark, Flathead, Kootenai and 
Spokane Rivers. All streams were low in the ~ er 
of April but rose gradually throughout the month. An 
unseasonable heat wave during the second week of Ma 
was accompanied by summerlike temperatures whic 
Featly accelerated snow melting and stream flows. The 

ootenai at Bonners Ferry, Idaho, rose from 12.4 feet 
on the 8th to 30.9 feet on the 16th, 0.1 foot below flood 
stage. Cooler weather on the 15th checked the rapid 
snow melt, with falling stages occurring in all streams 
shortly. Several streams reached or aie htly exceeded 
flood stage but little or no damage occurred as the over- 
flow was mostly on low range land or pasture land. The 
dikes which protect more than 30,000 acres of rich fertile 
wheat lands held and the only loss resulted when the 
waters topped one dike and inundated some 300 acres of 
wheat 

The flooding at Jefferson, Oreg., on the Santiam River 
and at Harrisburg, Oreg., on the Willamette River in the 
beginning of the month was due to moderately heavy 
scattered rain supplemented by some snow melt. This 
freshet was the largest of any that has been recorded so 
late in the season. These floods are usually past by the 
middle of April. Damages consisted almost entirely of 
loss to prospective crops and erosion. The losses result- 
ing from the annual flood in progress in the Columbia 
Basin at the close of the month were confined to flooding 
of pasture lands and erosion. Lower docks in the harbor 
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along the lower Columbia and lower Willamette were 
evacuated well in advance of the occurrence of flood stages. 


FLOOD STAGE REPORT FOR MAY 1949 
[All dates in May unless otherwise specified.] 


Above oe stages— Crest 
River and station Hany 
From— | To— Stage | Date 
ST. LAWRENCE DRAINAGE 
Feet 
Fi 
St. Marys: Decatur, Ind-_-__........... 13 22 22 15.1 2 
Maumee: Fort Wayne, 15 22 2B 15.8 
ATLANTIC SLOPE DRAINAGE 

Roanoke: 2 3 16.0 

1 
Scotland Neck, N. 12 15| 26 
10.8 
10 6 ai it? 18-20 

14 13 13 
Cape Fear: Lock No. 2, Elizabeth- 4 6 41 - 
20 { 12 15 26. 2 
Lynches: Effingham, 8. C...........-.. 14 6 8 14.7 7 
5..C 30 2 

Selude, Pelzer, % A % 
9 pr. 8.6 2 
16.0 2 
Blairs, 8. “4 1 4 { 
Carlton, Ga. 15 1 2 15.8 1 

Savannah: butler Creek, 21 1 25 3 

18 
2 2 18.6 
Oconee: Milledgev 1 20.5 
Altamaha: Charlo 12 7 16 15.1 
EAST GULF OF MEXICO DRAINAGE 
Chat : Eufaula, Ala.........- 40 1 2) 43.4 
cola: 
Chattahoochee, Fla..............- 20 4 5 20.9 4 
Blountstown, Fla................. 15 1 17 21.5 6 
Choctawhatchee: 12 3 5 12.2 4 
ba: Cen B 2 2 23.7 2 
Montgomery, Ala................. 35 2 5| 40 3 
Millers Ferry, 40 3 

Black Warrior: 
Tuscaloosa Lock and Dam, Ala 47 2 3 48.3 3 
Lock No. 7, Eutaw, Ala..........- 3 7 41.5 5 

Tombigbee: 

Lock No. 4, Demopolis, Ala__..... 39 3 10 49.6 7 

33 2 12 7 
46 3 ll 524 
31 3 14 35.4 10-11 

Sowashee Creek: Meridian, Miss...__- 15 2 2 15.7 2 

Chickasawhay: 

Enterprise, Miss. ..............-.. 20 3 5 21.5 4 
Ss Saree 30 4 5 30.5 5 

Pascagoula: Merrill, Miss-_............ 22 4 9; 229 7 

Chitto: Franklinton, La-...... ll 2 3 13.5 3 
Edinburg, Miss...............--.- 20 4 8| 224 4 

18 2 16 26.7 y 
Montiselle, 15 2 6 17.0 3 
Pearl River, 167 5 

MISSISSIPPI SYSTEM 
10 10 18.0 

Solomon: Beloit, Kans..............-- { 2 Bi Be » 

Little Blue: 

Hanover, 22 23 17.2 B 

Big Blue 
Barnston, Nebr. 18 { B 4 19.2 
Blue Rapids, Kans..............-- 2 2 24 21.1 2B 
North Fork: Pierce (near), Nebr...... 12 13.5 21 
5.5 

4 13 13 6.3 13 

Cambridge, Nebr. ...............- 5 15 15 5.0 15 

21 21 5.1 21 

22 22 5.3 22 

Clay Center, Kans..........-.---. 15 22 22) 15.6 2 

Marais des Cygnes: LaCygne, Kans..’ 25 22 22 25.8 22 
See footnotes at end of table. 
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FLOOD STAGE REPORT FOR MAY 1949—Continued FLOOD STAGE REPORT FOR MAY 1949—Continued 
Above flood stages— Crest! Above stages—| Crest ! 
River and station any River and station stage ely 
From— | To— Stage | Date From— | To— Stage | Date 
Ohio Basin Lower Mississippi Basin 
36.2} Feb. 19 
12 22 2B 14.0 22 Yazoo: Yazoo City, Miss...........-- 29 Jan. 3 18 33.4] Apr. 18 
ll 2B 25 15.1 pA} 32.8 18 
16 24 26 18.4 25 Atchafalaya Basin 
14 26 23 14.7 27 
Atchafalaya: Morgan City, La_._....- 36 Feb. 18 3 8.0] Mar. 21 
WEST GULF OF MEXICO DRAINAGE 
18 { "7 4 147 5 
u 1 12.2 1 Sabine: Mineola, Tex--.-.---.-----.-- 4 { 22 25| 16.6 B 
15.0 19 West Fork: Fort Worth, Tex___...._- 17 17 17 25.9 17 
14.4 20 Elm Fork: Carrollton, Tex...........- 6 17 19 10.7 18 
ll 17 25 14.2 22 all, T’ 17 20 15.0 17 
12.6 24 
1 une 4 
18 19 19.1 2 19| June 4| 38.0 21 
Bird Creek: Sperry, Okla............. 21 19 21 26. 6 20 21 | June 7 41.5 B 
Verdigris: 2B 41.5 30 
22 38.6 22 
41.5 20 26 46.5 pA} 
16 18 27.8 17 
Neosho: Emporia, 22 18 18 27.3 18 
Deep Fork: Dewar, Okla............. 18 21.6 19 
18 ® 22.7 22 
23.1 25 Colorado Basin 
11 18 15.0 1g Animas: Durango, 4 20 4.9 16 
Wetumka, Okla___...........___ 14 18 19 17.8 18 23 () 5.5 2B 
anadian: PACIFIC SLOPE DRAINAGE 
Union, Okla....-...-.------------ 7 { 21 a} 7.0 21 Columbia Basin 
15 18 18 15.5 18 
16 19 19 18.8 19 Flathead: Columbia Falls, 13.2 15 
rkansas: . 
23.6 22 Coeur d’ Alene: Cataldo, 40 18 42.8 13 
Fort Smith, 22 19 30 25.8 25 St. Joe: St, Maries, Idaho 85 2 | 36.7 16 
. ur d’Alene e: Coeur d’Alene, 
Van Buren, 22 19 31) 966 25 — 30 1 34.5 17 
22 21 24 25.6 22 Spokane: Spokane, 27 17 19 27.1 17-18 
22 22 30 27.1 23 + Clearwater: Kamiah, 14 12 18 15.8 15-16 
................ 30 23 24 31.0 24 McKenzie: Leaburg, 12 2 2 16.0 2 
Santiam: Jefferson, eae E 13 1 3 18.5 2 
Red Basin Willamette: 
Ouachita: Harrisburg, Oreg..........-...---- 12 2 3 14.9 2 
Little: Columbia: Vancouver, Wash--.._.--- 15 { 1 () 22.5 18 
out PRAY 25 5 7 26. 4 6 
phur: 1 Provisional. 
4, ae SS eee 22 2 8 26.4 4 3 Flood stage or higher reached intermittently. 
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CLIMATOLOGICAL DATA FOR MAY 1949 


= 
CONDENSED CLIMATOLOGICAL SUMMARY OF TEMPERATURE AND PRECIPITATION BY SECTIONS 
a [For description of tables and eharts, see Review, January 1948, p. 15] : 
. In the following table are given for the various sections lowest temperatures, the average precipitation, and the 
of the climatological service of the Weather Bureau the greatest and least monthly amounts are found by using 
: monthly average temperature and total rainfall; the sta- all trustworthy records available. 
8 tions reporting the highest and lowest temperatures, with The mean departures from normal temperatures and 


dates of occurrence; the stations reporting the greatest sa ea are based only on records from stations that 

a and least total precipitation; and other data as indicated have 10 or more years of observations. Of course, the 

by the several headings. number of such records is smaller than the total number 
The mean temperature for each section, the highest and of stations. 


5 
Temperature Precipitation 
4 g Monthly extremes 8 Greatest monthly Least monthly " 
3 A < 
3 
° In. | In. In. In. 
72.9) +1. than C Airport_ 21 26); 4.07; +0.12 8.63; Geneva............... 0. 82 
65.2} Gila Bend............. 26 17 -29) —.03 1. 43) 55 stations............. .00 
71.3] +2. 2] 2 stations.............. 31; C 5.20) +.23 11. 58} Crystal Valley.......-. 
62.4| —.7| Greenland Ranch..._- 26 1.08) +.28 7.85) 22 stations__. -| 
53.5, +1.0) 3 stations 13) 243) +. 53 7.46| Manassa. -| 27 
76.5, +.9| 5 stations 67; 2.34) —1. 57 8.93) Carrabelle... 
72.6) -+.5) 3 stations.............. 18) Blairsville Exp. Sta...| 38) 3.50) +.07 - 62 
56. 5} +3.3] Weiser................ 14)| 2.02) +.33 4.50} Grand -03 
65.1) +2.4) 23) 3 stations.............. 30} 277) —1.35 6.13} 
63.6) +1.4| Fowler Power Substa_ 6| HoweMilitarySchool..| 28) 3.3@) —.74 7.50| Brookville, 1 8........ 1.34 
63.5] +3.1] 3| Emmetsburg........- 28 2.68) —1.28 5.58| 92 
65.8} +2.1) 2 stations.............. 35} 5.34) +1.58 10. 20 2.06 
} 66.3; +1.0| 36) 127|| 2.78) —1.18 5.27| Tompkinsville Tel Off.| .91 
76. 2| +2. 4) 2 stations.............. 44; 2.35) —2.33 11.24; Harmon...........-... .17 
63.5) +. es' Md..... 15 Police 28) 4.77) +1.11 8.79) Picardy, 2.28 
rks, 
56.1) +2.0) 2 stations.............. 13 ton U. 8. Forest..| 16) 10)) 2.75) —.54 6. 54 Bast Foues 5, 85 
est. 
57.6) +2. 5) 3 stations 22; 3.24, +.02 13.02} Willmar 
73.7| +1.9| Leakesville............ 44) 12)| 4.68, +.37 9. 54) Pearlington. --........ 2.00 
67.6) +3.1) Joplin................. 34) 4.59) —.19 8.84) Webster Groves_...._. 2.00 
55. 8 +3.7| Westby. .............. 14, 6| —.15 4.78} Albion............-... 38 
62.1! 3| 4 stations.............. 4,84) +1.42 2.07 
56.5) -+.9| Overton............... 17} 1.77; +.99) Owyhee 4.55; Overton............... -02 
56.1) +1.0 News 3.75) +.27 Wapewaug Res., 7.71) St. Albans, Vt........ 1,57 
» ‘onn. 
New Jersey. ....... 61.4; +.8) Phillipsburg.......... 6 29; 4.77) +1.15| Trenton No. 6.74) Cape 3.07 
New Mexico. ...... 10; 1.23) +.01) Clayton, 9SE__....... 7.36} 6 stations.............. -00 
New York. ........ 56.9} +0.8) Millbrook............. 20; 11); 3.15) —.42) Parkston.............. 91 
67.6) +0.7| 2 stations.............. 29; 1 26)) 4.61) +.60) McCullers............ 10.14) Hiwassee Dam__...... 2. 
56.6) do Indian Res- 19) 2.34 Mayville.............- 6.38) Dickinson CAA.......| .45 
ervation. 
62.6) +2.0).....do Water 27; 11); 3.05; —.72) Findlay 5. 86 Mote Ursuline 56 
or 
70.2; +1.9) Tipton 37; 7.94) Carnegie. ............. 13. 58; Texhoma.............. 2.63 
56.7) +3.4) McNary Crater Lake NPS Hq.| 14 2.37) +.58) 9.15) Arlington. ............ 08 
60.0) +.4) 2 stations Kane, 1 20; 3.78) —.25 Drexel 8.34) Murrysville..........- 1.81 
t. 
70.9 3 stations Rainbow 42; 12)| 3.4 —.09| Beaufort............... 1.38 
59.9) +3. 5) 2 stations.............. Hardy R. 8.-........-.. 20; 2658 —.27| Aberdeen............. 6. 36} Milesville............. 45 
68.3) +1.4)____. 27|| 3.68) —.43| 10.32) Strawberry Plains____. 1.30 
74.2) +1.2 on 37; 3.25) —. 45) 14. 69} 2 stations.............. 
57.0) +1.2) St. OBA. Lake (Brigh- 6! 1.92) +.84) Timpanogos Cave....| 6.12; Piute 
ton). 
64.2} —.1) 4.75) +.97 
57.9) +2.8) Richland, 2SW-__..... 4) 1.144 —.87 
62.8) +1.1 Cabwaylingo State 3.74) —.26 
orest. 
57.6) +2.4) Stoughton............. 2.28) —1.33 
52.3) +2. 5) 2 stations 2.57) +. 60 
21.0 1.76) +. 29 
70.8) —.7| 2stations.............. 3.45) —3. 08 
77.2| -+.3| Utuado (2)............ 5.43) —2. 55 “ 


! Other dates also. 
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The table hereunder contains such data as have been received een ~~ 
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May 1949 


SEVERE STORMS FOR MAY 1949 


ere local storms that occurred during the month. A revised list will appear in the United States 


eteorological Yearbook] 
Width | Loss| Value of 
Place Date Time of path, | of Character of storm Remarks 
yards life 

Eagle Gap, Ark.....-.------- Ape. Wind and Extensive damage to roads, timber, farm houses and outbuildings 

ay 

Vandervoort and Cove, Ark. Ape. Several barns, outbuildings and 2 houses destroyed. 

a 
a 
Dickson, 1 | 400 Tornadic winds and | Approximately 50 houses and 1 factory building damaged, and 
Lt many early gardens ruined. Windows broken, roofs 
trees twisted and broken, and electric service disrupted. Storm 
lasted 5 minutes. 

50 0 $75,000 | Tornado and rain....| Seed processing plant suffered severe damage; 2 buildings un. 
roofed, equipment of processing plant severely damaged, grain 
elevators s- re destroy: and stock of processed seed 
dam: - Path of storm approximately 300 yards in a 
eastward direction. 

Mt. Pleasant, Tenn...--...-- ) PE ee 500 0 do. ..--| Storm lasted about 10 minutes. Winds estimated up to 4 m. 
Every power line in town was out for a short peri ator 
took imbs and trees damaged about 15 homes an and t building 

of pt about 12 miles in northward di 

Mishaw: 1 £30 p. 100 |_..... line squall 

Chickasaw County, Miss.... 1 lo cide once 0 25,000 | Tornado........-.-- Passed over sparsely settled areas north of Houston 4 near Oko- 
=, damaged several homes, numerous trees. No personal 

Water 0 100, 000 Details lackin , but ap tly no serious injuries. 

Jacksonville, 2,000 | Electrical, wind and | Gusty winds broke plate glass store Partially 

hail. unroofed. Lightning e causin: e to 
and contents estimated at $700. Electric d 
by lightning at several points. Light hail 
N. Mex. 
Brainerd and vicinity, Minn. SS 16 0 32,000 | Thundersqualls | Many buildings either moved from foundations 
(possibl small otherwite damaged: awnings signs and billboards 
0). 2 steel light towers at baseball wrecked; fences, Pa Ba 
and press box demolished an ee a 
wires down; several airplanes at airport blown off hha‘s s aad 
dam extensively; trees uprooted. 

Brainerd and vicinity, Minn. | Heavy hail, accompanying severe thunderstorm, resulted in 
broken windows; greenhouses, roofs, <4 signs, and autom 

damaged. Some damage to growin 

Greeley, Wichita, and Scott Hail fell along several paths over northern ‘of these coun 

Counties, Kans. at intervals in general storm. Some hailstones as large as 
driven several inches into losses ranged 
bie damage to Little property dam: 

Northern Roosevelt and 3 | Late afternoon and evening Rain and hail_...._- Consider to young crops weaning, and to winter 

Curry Counties, 
. Mex. 
Lake and vicinity, 500 | Electrical_.........- 3 by lightning. 
Vicinity of Lake Superior in 3-5 naa 1 100,000 | Thunderstorms. .... ‘h winds blew down trees, disru wer and oa 
northwestern Wisconsin. demolished about 20 paildings ving 
heavy rains caused minor floods, w: ng out small bridge 
highway? Man drowned ‘bor at Superior when 

Flamingo, Fla..............- 1 Electrical. .......... 65 miles southwest Miami tent in 4 
persons were seeking shelter, tly and injuring the 

Portales vicinity, N. 125,000 | Hail and Crops and about $75,000 damage to buildings and other 
propert 

Underwood and vicinity, mere, hail, accompanying severe thunderstorm, caused considera 

Minn. amage to = some damage to growing crops. 
me young pigs and po 

Township, Becker 2,500 | Barn blown down, and some minor damage to buildings on several 

un farms. 

Thomas. and De- 150,000 | Hail Storm originated in northwestern Thomas and southwestern 

catur Counties, Kans. - *, Rawlins Counties, p northeastward across Rawlins 
County and into boo County. Total pee of destruction, 
about 60 miles. Stones as large as goose eggs and golf balls fell in 
some areas. Storm appeared to separate into 3 paths over 
ern Decatur County. Some wheat fields a total loss. 
and Trempealeau, 10,000 | Thunderstorm. ----- down and several farm buildings demolished. | 
Fillinore Coun Nebr.....- 5 | 8:30-9 p. m...... 11 to2 |_.._.. Dam to crops $35,000; other property $50. wheat and 
% alfalfa. Storm described as splitting, 1 part mo northeast: 
ward = Geneva and the other southeastward. Path 6 to 10 
m ong. 
ty, Nuckolls 2,000 |...-- Alfalfa, oats, and wheat damaged. Path 4 to 5 miles long. 
oun ebr. 

Rewlit ins ry * Rock Springs, Highway 30 blocked. Many travelers stranded. 

Chaves (southern 6|2p.m Cotton damaged. 

portion . Mex. 

Havana, Gadsden County, 6 | Afternoon 150, 000 do Hail virtually destroyed 250 acres of shade tobacco. 

1,320 Tornado and hail___| 2 houses and 1 car demolished. 

Sundown, Hockley County, 6 | 5:45 p. m.......- 14/7 2 350, 000 | ..... aes About 20 homes and other buildings destroyed and unroofed. 10 

Tex cars and trucks demolished. 2 cows received broken legs. 
Enormous amount of glass damage. 3 persons in 
Charles Town and vicinity, ae} 12 ..| Hail and rain--_....- Hailstones % inch in diameter severely all crops and 
W. Va. shattered ta od glass windows. 
7 Hail and gardens and field crops. 

Timberville, 7 | Late afternoon. 150, 000 | Electrical. ........--. Large feed supply store burned. 

Portemeuth, Va............. 7 | 6:25 p. m........ @) epee Revival tent blown down; 6 persons injured, 1 seriously. 

Baltimore County, Md-_..... P.m eal Hail and wind. Damage to strawberries and wheat; 2 trees uprooted. 

Talbot County, Md-......-- 7|P.m Wind and thunder- wn down. 


See footnote at end of table. 
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SEVERE STORMS FOR MAY 1949—Continued 
Place Date Time of — of Me ¢ Character of storm Remarks 
yards" life 
7 | Night Hail Considerable damage to 
| 8 | 3:45 p. m 1,000 | Electrical and wind. to west of cit wih winds to have reached 
70 m. p. 4 airplanes and an au 
damaged; he damage to car due to d blo wing 
against it. Lightn Tuckoonil a parked car on which 4 people 
wae ) Sunding 0 at J ville Speedway, but caused no damage 
Cape Sable, Fla. ..-...-.-.-. 8 1 Electrical ........... Woman sitting in by lightnin 
(near), 8 | 850-3, 520 500, 000°| One area southwest and another east of Grandfield. Damage to 
wheat and some 
Kanes City (southeastern 8 | 5:30p.m........| 60-100] 0 1, 500 | Tornado............ Blight damage to house and barn, and some trees blown down. 
edge a ty another farm, barn moved about 75 feet and set down in bad 
— Several trees blown down nearby and other minor 
for some other trees blown down and 
er evidences of tornado. 
Schulter, Pittsburg County, 8 | 6:30-6:35 p. m__. 880 0 30,000 | Tornado and hail--_- Path 1 5 Fn long. No in . Storm from southwest turned 
Okla. left town in southeastward direction. Hail damage $20,000 
to crops; tornado damage to 5 $10,000. 
N thn - dhistiiletipaiewiil 8 | Night. Hail Considerable d to spinach crop in southern Jackson County. 
Coalton-Nokomis area, 9 | 12:30 p. m. 2,000 Hailstones diameter damaged a number of gardens 
and some w 
Cape Girardeau County, 9.4: 9D. Bicccsaisne 11 Thunderstorm and | Hail did considerable or » gardens and fruits near Gordon- 
iho. hail. ville and Pocahontas. damage to hay-crops and windows. 
Some replanting of cro crops and gardens necessitated. 

County (extreme 9 | 2:30 p.m 0 uprooted and section of barn blown into Missouri River by 
northeastern portion), tornado which struck Columbia bottoms area near con- 
Mo. fluence of Missouri and Mississippi Rivers. 

Columbia, 8. C 9 | 2:47-10 p. 1 3,000 | Electrical. .......... Woman by and her house burned. Other minor 
damage caused by wind squalls. 
9 | 3:30 p. m.._..... Considerable damage to tree fruits and other crops. 
Albermarle County, Va..-.. 9 | 4:30-6 p. m «a 000 | Hail and wind..._.. Several buildings unroofed, poultry killed, crops cut to pieces over 
12 square miles or more. Estimated ‘200,000 bushels of fruit 
destroyed. Considerable damage to crops over small! area. 
Greene County, 26, 000 Stones up to 1 inch diameter. Heavy hail caused some roofs to 
cave in. $25,000 crop damage included in total. 
Nashville, Tenn............. 9 | 6:20 p. m. a Electrical and hail_.| Electric and telephone services disrupted over wide area. Several 
fires and traffic accidents. East Nashville and — + Davidson 
County felt the whiplash of hail in early afternoon. Violent 
lightning bolts caused nearly all damage and interruption to 
=— Belle Meade hard t and numerous trees toppled in 
Lawrence County, 15 22,000 | Wind and hail...... Stones GD to 96 tacts $18,000 crop damage included in 
Beebe Putte and vicin- 10 | 1p. m..... 5,000 | Hail and wind...... Some fruit damaged; principal damage to buildings and cars. 
, N. Mex. 
10 | 2:30 p. Winds, reaching force of 60 m. p. h., caused widespread damages; 
plate glass windows and window panes broken; yd trees blown 
down or delimbed, blocking streets and causing damages to other 
property; power and telephone lines blown or torn down, dis- 
rupting services 3 to 4 ——— house roofs damaged to some extent; 
a large sign board torn from its moorings; and skating rink blown 
overs eens 2 1 person. No damage to crops other than some 
corn blown di 
Everglades National Park, SO | Tornado cloud. miles northwest of Royal Palm Ranger Station; did not 
ground. 
Catawba, Cabarrus, Cleve- 5.1... Hail and wind...... Hailstones reported at some places size of hens’ eggs. Heavy dam- 
land, Iredell. ee age to crops and some damage to buildings. 
and 
‘Anson County, | Electrical. .......... Children were apparen metal clothes line attached to 
N.C. tree that was struck. damage reported. 
Fort Lupton, Colo........_. Rain and electrical..;| Woman struck b ‘while standing under large tree. 
Roseau and vicinity, Minn 12 | 9:15-10 Thundersqualls to fi wer lines. 
Storm moved southeastward. Moderately heavy light- 
and hail caused slight damage. 
Sherman County, Kans___- 13 | 3:45-6 p. m_____- 2) ae So Hail and tornado....| Hail fell over strip 15 miles long. Some wheat suffered 100 oi 
loss. 4 distinct tornado funnels observ: 2 reached ground 
Tornadoes originated 7 miles north and 4 i. east of Goodland 
- Ses * miles north of city, moving almost due west. 
‘ences destroy 
Potter and Carson Counties, 13 | 4:55 p.m-__...... 17 0 16, 500 | Tornado, with hail..| Formed 10 miles northeast of English Field and moved northeast- 
Tex. ward to town of Panhandle. Heavy hail, average size 4 inches in 
diameter; 1 stone m 8% x yd inches and weighed 434 
pounds, 45 minutes after storm. Part of apne above ground; most 
oe ee country. Believed to storm that hit 
Carson County, 1 0 41, 100 |....- Heav p to w estimated a As tornado 
reached it to left and then! , after damag- 
Rapids and vicin- 13 | 20,000 | Thunderstorm 2 dairy be demolished, and several smaller farm buildings 
Hagerman and vicinity, Difficult to assay damage y one storm in this area, as there 
- Mex. had been several during the i Intter part of April and early May. 
Cumulative damage to May 4 over this period estimated around 
$200,000. Many va roken and roofs damaged. 
Ringgold, Tex_.............. 14 | 5:30 p. 400,000 | Wind and hail. Estimated $300,000 hail damage to wheat, os oats, com, and cotton. 
Many farm and town residences 
Ellis County, Kans.......... 14] 7p. m........... 440 |...... 80,000 | Storm moved along path 4 4 long. Stones 
mostly sma 
Weld County, Colo. .......- 14-18 ...---| 1,500,000 | Rain, hail, and wind | Storm general over county, in southern portion. Caused 
damage to wens, | live lands, and roads. Land inun- 
; bridges and grades A. =F out. 
noon. 
Pueblo, Colo. .............-- 15 | 11:25 a. m.-6:35 |........-..|....-- 500 | Hail, rain, and light- | Damage mostly to truck crops. 
p. m. ¥ 
Keenesburg (near), Colo..... 15 | 4p. m......... _ | eee 10,000 | Wind, hail, and rain.| Principal damage to crops and building roofs, 
Briggsdale (near), Colo....-- 15 3:30°6 2, 000 and hail_.....- Damage to crops, livestock, and power lines. 
See footnote at end of table. . 
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SEVERE STORMS FOR MAY 1949—Continued 


Place Date Time property Character of storm Remarks 
4 a yards’ life troyed : 


pk Ee 15 | 4:30 p.m an 0 500, 750 | Tornado and hail...| Tornado damage light; confined to trees, 2 barns, and some resi. 


Medicine Bow, Wyo. Electrical ..........- damage when lightning hit building. 
\ 15 | 6p.m Tornado and hail-..| Several thousand acres of wheat severely damaged by hail. One honse 
several blown away; metal granary moved 
4 m Tees uprooted 
Amarillo, Tex. ............-- 15 | 6:30 p. 147 6| 5,310,000 |..... Total destroction 1 block b 3 blocks; all persons killed, lived 
in same block; 83 injured. own farm homes and buildings, 
airport and 45 tt. eens 28 boxcars blown off track; hea’ ( 
damage over 144 mile area and light damage over consid 
area. Building and a roof damaged at Fair Grounds, 2% miles ‘ 
74 from heaviest damage. Warehouse and 35 combines just west 
i of English Field a power and telephone lines 3 
/ railroads = CAA tower com letely lost. T 
destroyed 35 = Tornado age estimated at E 
$4,779,000; wind damage, $318,600; hail damage, $212,400. 
Woodward (near), Okla. 15 | 9:30-9:35 p. 1,100 | Tornado...... . ...| Farmstead 3 miles southwest of Woodward damaged. Northward 
Se © ire siren sounded and most persons went r 


Sedgwick County, Kans__... 15 | Evening--....-- --| Hail and Com wheet ond alfalfa damaged by hail, ranging in sizes 
rom s 
7 Pawnee County, Kans-.--_- 15 | 11:30 p. m_ 0 Tornado. -....-...-- Miniature twister apparently struck only 1 farmstead, 1 mile east of 
Larned, minor damage. 
Denver (20 miles southeast), 16 | 3:30 p.m @ j.--.. _ Observed foo in isolated section; little damage resulted, d 
k 


Power County, Idaho... .._- 16 | 3:40-4:20 p.m... 13 40 minutes. 


5 
8 
Z 
BS 


Appling County, Ga........ 06 15,000 | Wind and hail__.... 3 of county heaviest damage south-central near 


erty damage. ail, varying in size from small marbles to 
ogee, caused heavy losses to crope, chiefly corn and tobacco, in y 
Surrency area; in areas near the Altamaha River and 


to pr and $10,000 to ero 
Stuart, Guthrie County, 16 | Late afternoon. swept th throut 


uries 
Wichita County, 16 | 10 p. m_.._...... Many stones 2 inches 


i 
Texas County, Okla_.....__- 16 | 11:30 p. m....... 50-75 1 13,000 | Tornado, hail, and | 1 — home demolished. y originated southwest 
rain. of Stratford, Tex.; moved to ~ of Goodwell, 
Sun River, Mont.........._. 16-17 Electric power lines damaged by falling trees. 
bel ng Box Elder County, 17 | 488. m-.--...... 8,008 |......]------------ Flash flood.......... Following local heavy rains, a deluge of water poured out of several " 
canyons over adjacent t farm lands and orchards, cutting gullies. 
Silt and rock deposited on highway, stopping traffic for about 5 N 
hours. Estimates of damage range from several thousand to 
: $100,000, mostly to orchards and farm lands. 
: Harmon and Greer Coun- 17 | 1205-2 p. m....-.|.----------]_..... 110, 000 | Hail and wind.._... Damage to wheat nearly ripe in area 5 x 10 miles in east-central y 
’ ties, Okla. south of ae, About 15 farms affected in Greer County, 
Meade, Gray, F and 17 | m......-.- 15 1 902, 000 |__... ath began about 7 of Plains with high wind. Hailand 
etmore tin 


= caused much wheat loss in southern Meade County and in c 
Gray County near Ensign. Continued northeastward into 
western Ford County, ending in southern Hodgeman County. 
1 death result of shed being blown over. Path 60 miles long. B 
Norton County, Kans_-...__ 17 | 1:30 p. m-.....-.-]--.--------}_. 22. i Stones size of golf balls. Storm occurred from 4 miles north and 1 

— east Norton to near Nebraska line. Principal loss to 


Amery (near), Wis........_- 17 | 2:30 p. m......-. 50 @ Tornado... ......... for about 8 miles, touching ground at 6 places. 
ey yt several farms, and a path cut through s 
woodlot. No personal injuries. 
( Gouth of, Daw- 17 | 230-4 p. Damage to alfalfa and wheat. Path 20 miles long. 
Naponee (pear) ), Franklin 17 | 345-4 p. m......|--.-------- 500 | Hail and wind____.. Wind caused most of damage to farm buildings. 


unty, 
Leicester Township, Clay 17 | 5p. m...-------- 400-800 0 105, 500 | Tornado. buildings in path or 


and f blo ete. 
’ ences wn over. 
$100,000; to poultry $2,500; erops in storage 600; yoy , 
to cro elds from rain and light ha‘ 5 injured. 
Butte (southeast and eas’ 17 | 5:30-5:45 p,m... 170 0 10, 200 |____.do. Killed Ad. smashed autos, tore on barns and other build- R 


of), Boyd Coun yy ings. No stock of crop loss. 
Spur, T 17 | 5:45 p. 1 75,000 13 Seem Homes wrecked; ; damage to several] wheat fields. 8 persons 


Caddo County, northern 17 | 6:20 p, m-......- 300 0 37,000 |___. | Ee No injuries. Path 6-7 miles Jong. Tornado traveled from a point 
part, Okla. 4-5 miles southeast of Binger northward to point < 4/5 mile north- x 
east of Binger where 9 homes and 1 church blown away. From | 
there it moved northwestward 2-3 miles, then in northerly direc 8 
W 


tion. 
Opa oy (west of), Nuckolls 17 | 7-7:30 p. m..---- 880 | a Senne Damaged alfalfa and wheat; windows broken, Path 2 miles long. 


Nebr. 
Hastings (near), Adams 17 | 7:45-8 p. m.....- s 14 0 250,000 | Wind and hail (tor- | Automobile tops damaged slightly, shingles broken, wood truss 
—4 Nebr. 1 nadic characteris- building roofs with corrugated asbestos roo extensively dam- 
tics). aged. th 3% miles long in northeastward direction. 
Lincoln County, Okla....... 17 | 7:59 p. m----..-.. 200 0 110,000 | Tornado.........-.. 13 injured, mostly school students. Schoo] bus with children in st 
it overturned. Probably 2 or 3 tornadoes close Sontee al] mov- ; 
northeastward. Several 1 buildings, includ: ing. sch schools and 
a in costarn part of Meeker damaged or destroyed. Sev- M 
eral farm homes 
Bethe, 17 25 0 2,000 | Tornado and hail_..| Small outbuildings destroyed, also 1 barn; 1 cow killed. All damage 
from tornado. Hail moderate, size of marbles to hens’ eggs. 
Funnel cloud observed 
Labette and Cherokee Coun- 18 | 12:30-1:10 a, m... 0 Tornado and wind_.| Small tornado near Chetopa. High winds over southern Labette 
ties, Kans, and Cherokee Counties. Plate glass broken, small buildings 
blown over, trees uprooted, and wheat blown down. A few 
larger be unrooted. Power lines broken and telephone 
service interrup 
Dumas, Moore County, Tex. 18 | 12:30 p. m..-.... 422 |...... 50,000 | Hail................. Difficult to coumate hail damage to wheat due to previous storm 
and light nature of this one. Three funnel-shaped clouds were 
but touched ground. 
Cheyenne, 18 } 125 p. Three tornado funne is sighted bu but none reached ground. 


See footnote at end of table. 
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SEVERE STORMS FOR MAY 1949—Continued 
Width | Loss; Value of 
Place Date Time of path, of pew Character of storm Remarks 
yards life troyed 

Sherman, Cheyenne, Raw- 18 | 3:30 m. to 08 Pv. cce 375,900 | Wind and hail_-___-- A number n connection with main storm, 
ins, Thomas, Sheridan, ht. . which wind Goodland. Hail damage 
Decatur, and Norton extended from northern Sherman and southern Cheyenne Coun- 

" ties eastward along Rawlins and Thomas County line and into 
northern Sheridan County, thence across Sheridan into northern 
County. buildings damaged and much wheat 

~ glass reported, and some 
ry young livestoc ome stones as large as base 

Cherokee County, Kans..... age in Columbus and area south a few miles. Some loss 
of crops. “eral size of golf balls damaged flat roofs jally. 

Gould and vicinity, Okla.... 18 | 6:30-7:30 p. 410,000 Path about 15 miles long; storm likely extended into ‘and 
Greer Counties. Hail ‘damage to wheat estimated at $350,000, 
to alfalfa, $30,000. 10,000 acres of wheat total loss, 15,000 acres 
partial Joss 9 buildings damaged or destroyed by straight win, 

damage, 

Harvey County, Kans._._... 38 0 Tornado did not come to earth. 

Butler County, Kans_.._.... 0 Tornado did not come to earth; observed for about 50 seconds, 12 
miles northeast of E] Dorado. 

Altus (northwest of), Okla__- 18 | 7:30-8:15 p. m._- 115 200,000 | Tornado and hail_..| Principal damage to wheat by hail at Duke. Tornado funnel seen 
near Fein northeastward. Storm path about 30 miles 
cary 8 Friendship communities affected. 

Norman and vicinity, Okla... 18-19 | 7:30 p. m.-2:30 |...-....... ae 500,000 | Wind and rain___.__ Nearly 8 inches of rain in a few hours caused severe damage to 

a.m. ings, roads, etc. 75 percent of damage from rain. 

Marshall County, Kans--__- 18 | 8:30 p. m_......- 100 0 500 | Tornado._.......... Baby twister originated just west of Marysville and jumped to 
northeastern section of town, demolishing cow shed. 

Kiowa County, 18 | 8:38 p. 40 0 Funnei observed and reported: warning caused much confusion at 
Hobart. Struck Hobart airport, Sererens hangar, then moved 
northward. Tornado missed Hobar 

Harper and Sumner Coun- 36.4) 0 Several funnels observed near Wellington and Kiowa, none of 
ties, Kans. which reached groun: 

Panhandle, Carson County, Heavy hail, = ‘of silver dollar. Considerable damage to 

Tex. am hard to estimate on account of previous hailstorms 
— y. 

Wayne County, torm occurred a few miles south of Wooster. Hailstones found in 
“tance rows to depth of 1 2 inches. No crop damage reported as 

(northern 19 | 12:20 a, m....-.. 440 1,000 | Tormado...... 1 injured. northeastward near Hollow, length not known. 

Tulsa 19 | 1-4a. m__..-.-.. 100 Several buildings unroofed in Broken Arrow, causing $25,000 

damage. Several barns in surrounding area or destroyed. 
Funnel cloud observed in Broken Arrow, as S moved south- 
eastward in a quarter-mile path. 

Joplin (western edge), Mo-_- aie re. Se See 4,000 | Wind and thunder- | Some trees blown over, limbs torn off others, a few buildings un- 

a roofed, signs torn down, wires damaged, and wall of building 
pushed in. 1 person slightly injured. 600 phones out and about 
window panes broken; greenhouses the heaviest 

Mountainburg, Bulldings unroofed and trees uprooted. Water plant damaged 

Northport (near), Morrill 19 | 12:05-12:30 p. m. 300 0 5,750 | Tornado and hail.._.| Tornado damaged beets and small Hail caused furt 

County, Nebr. “ damage to beets and ha Crop $5,000; loss of wd 
chicks $50; damage to buildings $700. Pat 4 miles long. 

Waddington, N. Y_.......-. Northerly winds, estimated at 50 to 60 m. p. h. for 12 minutes, 

shrubbery and gardens. Falling and broken trees 
t down power lines which interrupted service for several 
Chase County, Nebr. 19 and | 5:30-7:25 p. m___ 112% 0 | 2,345,000 | Tornado and hail-__. $2,250,000, other crops $65,000; to bu from 
23 | 5:50 a. m.-7:40, $30,000. Tornado occurred in southwestern pene ha 
p. m. 

Butler, Dunklin, 19 | 3:45-4:20 p. m__- 1%-2 1 000 | Tornado, wind, and | Storm first reported at Rombauer and Fisk in northeastern Butler 
and New id Coun- ad = : County, moved east-southeast ward to Mississippi River about 5 
ties, Mo miles south of New Madrid. Parma area hardest hit. Accord 

to Red A baby killed, 60 jes; 4 

homes destroyed, 287 130 barns destroyed, 115 

Other types of buildings estroyed numbered about 170, | 

about 1 damage to 12 business places, 2 

pho 1 school, and numerous power and phone lines. 

damage and losses to livestock estimated at about $100,000 of the 
loss: probably about $75,000 of that due to hail. 

Washington County, Okla... 19 | 8:15 p. m........ 50-100 0 4,500 | Tornado........._.- 1 inj i y funnel ioote observed in various parts 
ons 
Hitchcock County, Nebr-_-. 19 | 7-7:20 p. 805,000 | and"alfalfa, $800,000; to buildings, $5,000. Path 
Mahoning County, Ohio-... In Youngstown a few buildings, mostly , damaged or un- 
= roofed; a number of windows broken; a many trees broken 
or uprooted; damage in a cemetery estimated at $5,000. 

Deaf Smith Damage to wheat and potatoes. 

Feld (6 mies east 20 | . Light damage to alfalfa. 

Wray, 20 | 12:45-2:30 p. m_. 440 | 0 000 | Tornado, hail, and | Forming at Beecher Island, about 8 miles south of Wray, tornad 

4 rain. struck first at and moving 
Nebraska line, de 

Haigler (near), Dund 0 100 | Tormado............ Moved northeastward, skipped stretch but 

County, Nebr. ’ d P = down on 2 farms, Gomelabing ings; smal] amount of 
stock lost. 1 personal i 

Mound City, 100,000 | Wind and hail... Storm covered 40-square-mile area, most damage caused by wind. 
1 new building demolished mat many 
Considerable strawberries tree fruits destroyed. A few 
persons — injured. 

Scott and Lane Counties, 20 | 46 p. m......... 200 0 200,000 | Tornado and hail...| Storm began 1 of ond ended 

Kans, portheast of Hi in Lane County. Tornado cloud observed. 

portions of Farm buildings and 
over 25-mile path 
Sheridan County, Kans..... 20 | 4:30 p. m........ 13 70,000 | Hail................: Storm | moved northeastward about 35 miles across central portion 
Raw One aS county mostly or less in diameter. 
Decatur, Late num small tornadoes at numerous points. Damage 
ne, an Thomas Ooumiies, pe confined to farm buildings, fences, telephone, and 

Balko and Beaver, Okla... 5:10-5:20 p. m.. 100} 1 500 do 6 Distinct funnel clouds observed, but only 3 touched ground. 

‘ - . Length of paths short, longest about 4 miles. Farmer killed 
near 


See footnote at end of table. 
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SEVERE STORMS FOR MAY 1949—Continued 


Place 


Time 


Width 
of path, 


Loss 
of 
life 


Value of 
‘oyed 


Character of storm 


Remarks 


Barren Creek Community 
and Goin Section, Tenn. 


Ellis and Woodward Coun- 
ties, Okla. 


Barton County, Kans 


Comanche County, Kans_._. 


Coteshy (near), Ellis Coun- 
Lincoln County, Kans 


Woodward County, Okla__- 
Hammon and vicinity, 
Cc County, Okla. 


Woods County, Okla 


Sumner County, Kans...____ 
Alfalfa and 
Grant Counties, 


and Wab 
t abdaunsee 

Blaine and Ki 
ti ngfisher 


Blaine County, Okla 
Blaine County, Okla 


Payne County, Okla_._..... 
Fownee County, Okla 
See footnote at end of table. 


Orie, (24 miles cast 


88 


6-7 p. m....... oa 


1, 500 


100 


100 


440-1 2 


37, 500 


Tornadic, wind and 
hail. 


Tornado, wind, and 
hail. 


Hail 


Tornad win 
and hail, 


Tornado and wind... 


Storm traveled eastward for 5 miles. 3 perso 


$10,000 for high wind. 5 or 6 funnels observed in Ellis ail, end 
Tornado cloud touched ground at intervals. Funnel observed 
proaching airport near Gage from west, apparently from 
8 ttuck but not seen touching ground; so, may have been 
wind damage to aircraft and hangar at ‘Gage. Accompanied 


west of Woodward. 
3 ‘a at Woodward air base. Path a 


northeastward. 

Hail of varying intensity fell in me yt places; most damaging 
in western portion. Wheat principal loss 

Numerous funnel-shaped clouds followed irregular courses along 
general storm path from oy in Gray Lege northeast- 
ward into western Pawnee b resul 
nadoes dipped to earth pn ly near 
Hanston, and Rozel. Several persons injured at 
property damage and some wheat loss from hail. 4 funnels seen 
near Dodge City 

Path of Gentrnction from about 3 miles northwest of Gorham to 
6 miles southeast. No well developed funnel observed. Debris 
indicated twisting winds. A school house partially destroyed; 
roofs, porches, and small buildings damaged. 24 freight cars 
blown from tracks. 

Some roofs damaged, much broken, considerable wheat = 

and A and telephone & out. Several storm 


Tornado ¢ rf formed 7 miles southwest of Coldwater, passed 
about % mile north of Coldwater to Wilmore, 12 mities — 
west, where business and residential buildings 
to ane, buildings, power and telephone lines, and trees ae along 

th; especially severe at Wilmore. 

1 jury. Farmstead destroyed. 


Tornado struck a mile southeast of Lincoln, moving northeastward 
about 4 miles. Windmills and small buildings demolished; trees 
broken and uprooted. Distinct ter cloud observed, 

Storm moved almost north from 7 miles southwest of Gypsum tos 
few miles northeast of Solomon. bridge near Gypsum 
partly torn up. Numerous farm buildings, and business and 
residential property in Solomon damaged. Crops in several 
scattered localities destroyed to great extent by hail. 5 persons 
injured. Some evidence of second tornado in vicinity. 

Small tornado hit Chase, moving eastward along main street, A 
few houses and business buildings damaged. 1 person 
Communication lines cut. Path tanael about 1 mile. 

Damage estimated at $105,000 for tornado; $200,000 (60-85 percent 
— crop) damage by hail. Path east-northeastward 27 miles, 

injured at injured at Thomas. 5 farm houses 
destroyed, many ae ; much barn damage in affected areas, 
25 places damaged at Thomas. Cotton gin destroyed at Butler. 
At farm 4 miles west of Thomas, 13 cattle in feed lot lifted out of 
m and came down unhurt 4 mile away; 1 cow left in pen un 
urt. Farmer 5 miles west of Thomas warned community. 

Several farmsteads damaged west of Vici. 4 homes unroofed at 
Moreland, Path from west of Vici through Booster station, 5 

yy at $7,000 
am: estimated at » pro amage 

estimated at $14,500, hail damage at $2,500. 

Northeast path about 12 miles lo ‘om 12 miles south of Waynoks 
to 12 miles east and 5 miles perth, 3 sets of farm buildings com- 
[pe blown away. Moderate hail preceded 0; con- 

siderable damage by hail, but amount not estimated. 

Tornado hit 9 ae les southwest of Wellington, damaging several 
farm homes and 

1 death at Yewed. "zinjurea at Nash; 25 injured in Alfalfa County. 
Appeared as if in high wind and hail area there ee 

Crop damage estimated at $1 i gs and o dat | 
ae at $1,500,000. Path from 1 mile north of Cherokee to 

Damage to power and telephone lines. 

Path of tornado extended from Hope, in south-central Dickinson 
County, to a few miles north of pa al City, just missing that 
city on the northwest. Power and communication lines torn 
down and numerous barns, s! , and some houses destroyed. 

Tornado began 5 miles me na of Em a and moved n 
northeastward, ending 6 miles north and 5 miles east of Harvey- 
ville. + as homes, barns, ee. and tele hone and power 

ntire about 30 


tonga. 
over much of county in addition to damage 


other buildings 
demon. Damage to ripening wheat. 
Several farm homes severely dam To ee ‘ath northeastward 
18 miles from 834 miles south of Stillwater roth miles east. 
In scattered sections of entire county. 
F destroyed. 


160 
yards 
: 
= up to size of hens’ eggs, and cloud burst destroyed new 
- washed away much topsoil in 2 communities. 5 houses and 2 | 
harne hlown aw: On mag ww) dad 
: usually large and jpeced, some more than 3 inches in diameter 
i at Woodward Field station. $250,000 damage to airport prope 
Gray, Ford, H and 20 phe  f © 510, 000 
Russell County, Kans....... 20 | 7-8 p. m....-.-.- 90,000 | 
20 | 7-8 p. m.......-- 12]....--| 100,000 | Hail and wind__.__. 
| 7:30 p. m........ «= 200, 000 | 
o Saline and Dickinson - 
; ‘len Coun 20 | 8-8:30 p. m__._.- 440 1 50,000 | Tornado and hail_-- 
Rice County, Kans__ 20 | 8:40 p. 0|............] Tormado............ 
Custer County, Okla_._.___- 20 | m__....... 1, 760 0 305,000 | Tornado and hail... 
20 | 8:30 p. 14,000 | Tornado._.........- 
8:30p.m........| 1,760] 0 17,000 | Tornado and hail__. 
20 | 9-9:20 p. m__.... 112 1 | 2,500,000 | Tornadic and hail_.- 
7 Counties, Kans. 
20 | 9:30-11:30 p. m.. 300} 75,000 
suffered extensive damage in 55-mile path northeastward across 
. Blaine County from west of Greenfield into Kingfisher County, 
7 with zig-zag path to Omega and Loyal; high wind at Dover. 
; Crop damage to wheat estimated at $45,000. Damage in Blaine | 
: 20 | Late 0 10,000 | Tornado............ 
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SE RE STORMS FOR MAY 1949—Continued 


Width 
of path, 
yards 


Loss 
of 
lie 


Valye of 
yed 


Character of storm 


Remarks 


Man and vicinity, W. Va____ 


Pittsburg, Van Buren 
County, Iowa. 


Reedy and vicinity, W. Va_. 
Northeastern Franklin and 


northern 8t. Louis Coun- 
ties, Mo. 


4 ville and vicinity, 
Sullivan and Cla 
an y Counties, 
Vigo County, Ind.........-. 
West 
Lee County, 


Northern 
horthwes 
deau Counties, Mo. 


21 


21 


21 


See footnote at end of table. 


1:07-1:10 a, m_... 


4:05-4:20 p. m... 


4:30-4:50 p. 


5:15 p. m 


40, 000 


1, 300, 000 


70, 000 


4 


1, 000, 000 


5:30 p. m 


5:45 p. m. -6:30 
p.m. 


Tornado and hail--_- 


Store windows damaged; tree limbs and power lines broken. 
mainly in Iola and Le Harpe. 
East of monia. Path 3 miles long. 
Moved east-northeastward about 144 miles. 
1 minor injury. Path northeastward from southwest of Cleveland 
pa. Cleve » apparently divided at one point; aes going south- 
Major’ damage to oil refinery and many ho 
2 injured Dout 7 miles to left of a tornado that occurred about 30 
minutes later in same county. 
5 tornadoes all moving northeastward as follows 
1. From 5 ales north of Claremore to Chelsea through Estella; 
northeastward for 18 miles. 
ge ita; seve 
roof blown off stockyards pavilion. 
4. Definite track, parallel to No. 3, and 1 mile south. 


storm condi 
Considerable damage to automobiles, buildings, trees, and power 


+ th about 6 miles. 4 persons injured by falling building 
and other debris, 2 dwellings, 3 barns, and coved out buildings 
damaged. Wires down in path of storm. Some baby chicks 


area 7 miles south and southwest of Mexico. 
Homes and bu’ damaged on several farms. Some trees 
blown down and limbs of others broken. Small damage to wires. 

A —= of small buildings on farm near Whiteside Gomeand. On 

y farms near communities of New Hartford, Ashley, Cyrene 
— Clarksville. Red Cross reported: 1 Eile, 20 injured; 
14 homes destroyed, 9 damaged; 31 o destroyed 
26 damaged. Only 5 percent of total = was 7 crops and 
livestock. Storm dissipated into Mississippi River a short 
distance south of Clarksville. 

4 persons injured and much property damaged. Roofs blown off 
several houses, grandstand, and store. Wooden cross on church 
snapped off and tops of trees twisted off; display signs blown 
down and plate glass windows blown in. 

Path about 4 mile long in neighborhood of Pittsburg, a small 
community 3 miles northwest of Keosauqua. 8 damaged, 
plus several barns and smaller buildings. No personal injuries 


reported. 

Roofs blown off severa] buildings; windows broken in many homes; 
scores of trees blown down; 2 a ney ad damaged by fiying 
debris; power and telephone services tem 4 disrupted. 
1 home y lightning; 


lown off its foundation; 3 horses killed 
considerable garden and farm crops 
Storm ae pee ted near Washington fon where it destroyed 4 
barns and 21 other buildings and eames & Sam, and 
11 other buildings. It then lifted, or dizeipated another one 
formed along the same path about 25 miles northeast, near Creve 
Coeur, where next reported, but no damage there. It then struck 
near southwestern of Lambert Field Airport, about 10 miles 
further to northeast; poten done to trees, bui and air- 
However, it lifted and passed over the field without 
turther damage and did not dip to earth again until — 1 
Y miles northeast of airport, where most of damage occurred in 
Missouri, then continued to Wood River, Ill. In 8t. Louis Coun 
ty, Red Cross reported 2 s injured, 2 homes destroyed and 
1 —_ 5 buildings of other types destro and 11 dam le 
to crops estimated at $75,000, mostly due to hail. Hail 
also damaged at least 75 automobiles to —— of about $9,400. 
Storm first struck 4 miles ane yt of Mt. Sterling and moved 
northeastward 12 miles through rural sections. 8 farm pro 
hit, with several barns destroyed or damaged, and several 
y damaged. C and livestock loss n ble. 
Storm originated in Missouri northwest of 8t. 
Wood River after crossing Mississippi River. About 200 houses 
and 150 other buildings destroyed and ave = hundred structures 
suffered some damage. An oil refinery bad 
camps wiped out, about 25 trailers be estroyed. | 60 
— 50 head of livestock lost, but crop 


Struck west end of Palestine, demolishing restauran’ 

ms station, and 3 houses, and damaging about 20 a 47. —4 
7 persons injured . Most of dead and injured were in restaurant. 
Path northeastward into Indiana. 

Halston dine , up to 1% inches in diameter and inch 

hick; ground until white. 

Moved into State from Palestine, Ill., through Clay City, 
Bowling Green, Poland and Lewis. Path northeastward. 
Complete destruction of houses in path of storm. $10,000 crop 
damage included in total. 251 persons 

Began in extreme east edge of city of Terre Haute, about 244 miles 
east-southeast of Paul Cox Field, moved north-northeast ward 


to just southwest of vil of Burnett. 
Severe : local windstorm or tornado struck 2 mlles north of 
West Point, causing consi ee & 5 farmsteads. No 


Red Cross reports, storm killed a man about 10 miles 
north of Marble Hill; ~) ured 6 people; destroyed 7 — 7 barns, 
and 14 other t uildings; and damaged 6 homes and 1 
building. Lit tillable land where tornado struck. No live- 
stock losses. 


49 
— 
County, Ind_........... 440 10,000 | Tornado__ 
tow, Oreek County, Okia.| 21 | 12:10 a. 300 0 15,000 | Tornado and hail. 
Pawnee County, Okla... 21 | Shortly “after |...........| 0 60,000 | 
midnight. 
Oologab, Rogers County, 21 | 12:30, m....... 0 
Rogers and Oraig Counties, 21 | 100-200) 000 
Mountain Grove (north 21 | 4:30 a. 880 1 |............| Tormado and elec- 
of), Mo. trical. fs 
not caused by tl t storm, but a t of ral fy 
Witt Springs, Estill County, 21 | 12:30-12:45 p. 150} 0 10,014 | 
Audrain County (southern 880 0 = wie 

Southern Pike and extreme 21 | 3:30 p. m_......- 384 1 200, 000 Temmase......------| 

northern Lincoln Coun- ue 
ties, Mo. 
21 | 8:30 p. Wind, rain and hail_ 
134} 0 | 500, 000 | 
Mt. Sterling, I............. 21 | 4:30 p. m_....... 200} 0 | 
Wood River, Ill............. 21 | 4:55 p. m......-- 
Palestine, 21 | 5p. m..........- wo | 4 
21 | Sp. m........... 

rsona iries 
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SEVERE STORMS FOR MAY 1949—Continued 
Width | Loss| Value of 
Place Date Time of path, of Character of storm Remarks 
yards life yed 

Cape Girardeau County 21 | 6:55-7 p. m.--.-.- 200} 23} 4,000,000 | Tornado..........-- Most destructive in Missouri since the St. Louis tornado of Septem. 

(southern part), Mo. ber 27,1927. Red Cross reported 130 injured, many seriously; 22 
homes destroyed, and 231 others damaged, 19 places of business 
destroyed and 14 damaged, besides serious damage to church, 
Practically all damage occurred on west and ally north 
sides of Cape Girardeau along path about 10 miles long, traveling 
from about 3 miles southwest of city diagonally to northeast, 
Path clearly visible through forested area as seen across Missis. 
sort River into Illinois, but no damage reported there. 

Texarkana, Hail and wind_____- ind 50 m. p. h. caused minor damage to » Toofs, and trees, 

Marked Tree, Ark........-.. 9:30 p. m.....-.- 400 0 3,000 | Tornado and hail_-- a tornado <i cotton house gin. Several houses damaged 
and trees uprooted. 

Bradford, Wind and hail_____- Trees blown across highway; slight property damage. 

Red Boiling Springs, Macon | 0 300, 000 Only slight crop damage. Many livestock killed or injured, 

County, Tenn. Sones yureees and wrecked, barns flattened, and many trees 
uprooted. 

Somerset, Pulaski Coun 22 | 2-2:05 a. m_.-..... 440 1 _ ae ae see: High winds lasted for about an hour. Several dwellings badly 
Ky. ai = - damaged; a large tobacco warehouse and wholesale store 

one etely destroyed. 2 large garages damaged. Little damage 
ves' or crops. 

Irvine, Estill County, Ky.-- Grandstand unroofed at ball k. Trees blown down. Total 
damages will run into many thousands of dollars. 

Ripley and vicinity, W. Va-.. 22 | 2-2:20 p. m-_.---- 12 © }~cdsscucece Near tornadic, hail, | Hailstones % inch to 1}4 inches in diameter. Neon signs, window 

and rain. panes, roofs, garden and farm cro am A 

Bluefield and vicinity, W. Hailstones from size of marbles to1% inches in diameter. Consider. 
Va. able damage to roofs, windows, ~ gardens, and 

trees; be one communications ited. 

Glenville and vicinity, W. 22 | 2:25 p. m_....... |) See. 8,000 |... See Considerable damage to crops, roofs, and windows. 

a 
Charleston, W. Va....-.-.-- ee ee 100,000 | Wind and _..---| 37 business buildings damaged, with some roofs blown off and 
4 4 ant bes numerous Plate windows smashed. Power and telephone 
services pted. 

Buckhannon and vicinity, Hail, mostly small, some as large as walnuts. Some damage to 
W. Va. roofs and ens. 

Berlin and vicinity, W. Va-_- 22 | 3:30-3:50 p. m_.-|--..-- Hailstones reported up to 6 inches in circumference. 

Beaver and Butler Counties, 22 | 3:30-4 p. m__..-. || See: 58,300 | Wind, hail, and | Path southeastward for 20 miles from New Brighton to Harmony 
Pa. rain. Junction, Jackson ———. Slight damage to oe Most 

— to property from wind in area from Zelienople to Harmony 
Junction. Damage to electrical and telephone installations 

Bayard, W. V: 22/4 10, 000 Hall. sise of inchs roofs 

a 90,000 ] Wee end ail, size of walnuts, at one e 3 inches deep. ouse 
severely damaged; trees badly damaged; birds killed and nests 
destroyed. Said to be worst hailstorm in history of Bayard. 

pent), Adams 22 | 4-4:30 p. m....-. About 15 percent damage to alfalfa and wheat. Path 15 miles long. 

ounty, Nebr. 

Highland County, Va....... 3 hailstorms damaged crops, roofs, and broke a few windows. 

. Va. 
. Va. 

Hornorand vicinity, W. Va_. Some damage to gardens. 

Rotan, Fisher County, Tex-- Sp. Wind and hail__.___ to trees, shrubbery, and roofs. About 50 percent 
Oss rees. 

Beaver County, Okla_.....-- Pe a 76,000 | Hrail_...........-.-.- Area 20 by 30 miles from Forgan to west, and east around Beaver. 
Heavy damage to crops south of Beaver. About $1,000 damage 

Follett, Li b Count 6 13 1, 200, 000 Comme tt altar af path total 1 terial loss to buildings. 

, Lipscomb Coun’ 1...... Wind and hail. rops in center of pa oss; no ma Oss 
Tex. ” - Hail damage estimated at $1,080,000. Storm started just south of 
—. Okla., and moved southeastward. Wind damage, 

Lynchburg, Va.......-...-.. ae eae See Hail and electrical__| Hail up to size of billiard balls cut telephone and power lines. 
Lightning fired 3 houses. 

440 |.....- 60,000 | Wind and hail__.__- Hail damage estimated at $30,000 $25,000 to and $5,000 to 
buildings. Wind damage, $30,000, mostly to buildings. Hail 
as large as baseballs, but ae scattered, reported at Clyde. 
iio in 1 roof looked like sledge hammer holes. 3 persons 

Cauthornville, 22 | 8-8:30 p. 440 Tornado. ...-......- Barn demolished, several buildings damaged, trees twisted off, 
crops over area miles. 

Baltimore, Cloudburst and elec-| Trees blown down. Busses and cars stalled due to heavy rains. 

le 2 nang failure caused by lightning and by trees blown across 

Allegany, Harford, and Hail and rain__..__- Heavy hail in Allegany and Montgomery Counties and some hail 
—_e Counties, in Harford County. Some crop over State. 

Aberdeen, Hailstones up to 2 inches in diameter. Extreme to crops. 

Rhode Island, southern por- Electrical and rain_.| 6 persons injured by lightning; 2 houses struck 
tion. treets in Providence flooded to depth of 6 to 8 inches. Power 

interrupted briefly in Westerly, Bristol, and Cranston. 
Hawkins Coun- Hail and wind...-.-- Considerable damage to crops. 

Maynardville, Union Coun- Hail, wind,and rain | Considerable damage to crops. Considerable erosion. Trees Up- 
ty, Tenn. — charac- rooted, several roofs destroyed or damaged. 

r). 

Southern Garden County OB. sss. led 13-6 |_____- 512,725 | Hail and wind____-- Crops totally destroyed in places, damage estimated at $512,000; to 

and porters Deuel Coun- livestock $225; to buildings $500. Path 30 miles long. 
» Nebr. 

Fillmnore, Lee County, Ky-- Wind and rain...._. Church littea from foundation, store unroofed, farm buildings and 
crops aged. 

Pebworth, Owsley County, torn from foundation; fences, trees, and other property scat- 

y. tered over countryside. Crops damaged. 

Mahoning, Stark, and Co- ESSER SR RRR Rain and wind_____- Thousands of dollars Gamage conned by flooding of streets and 
lumbiana Counties, Ohio. basements and — of t wall of 3-story apartment house; 

many trees uprooted. 

Eastern Audrain and south- Electrical and hail_.| Lightning several local transformers in Martinsburg, dis 
western Scotland Coun- rupting electrical service. Hail damaged gardens and crops 
ties, Mo. north of Martinsburg near Laddonia, and gardens and some 

window lights near Bible Grove. 


See footnotes at end of table. 
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SEVERE STORMS FOR MAY 1949—Continued 
Width | Loss| Value of 
Place Date Time — of path, | of y | Character of storm Remarks 
yards life yed 
rings, Ala_........- 23 | 3:45-4:20 p. m... EAR Se eS Fall not heavy, but falling stones in size up to hens’ eggs, 
and continued for considerable of time. 
age; a few windows broken 
Lincoln Chandler 50, 000 Path 10 miles long from 4 miles west of Chandler to 6 miles east. 
Counti Most of damage to crops; some window and roof damage. 
Perkins County (western 811,000 Crops completely destroyed in places; damage estimated at $800 
part), Nebr. crops in storage $1,000. Roofs badly en many windows 
broken; property damage estimated at $10,000 
Beaver County, Okla--..... 75, 000 Duration of storm about 40 minutes. Heavy hail east of Beaver 
-— Area 20 by 30 miles. Some land covered with 3 
eS 
Greeley, Wichita, Kear- 23 | Afternoon.......|----------- 0 | 2,500,000 | Hail and tornadoes..| A combination of a y 25 separate hailstorms spread 
ney, Finney, Haskell, from just east of Tribune to southern Ford Coun’ 
Gray, and Fad Counties, Finney County suffered greatest damage. AR > varied a 
Kans. in intensity and ranged in size from olf — - _——_ 
wheat ruined; considerable glass broken, 
damaged. 2 small funn el-shaped cl: 
County, Okla 200-250 0 105, 200 | Tornado and hail Path Gity hy through Hi 
tornado. damage $9,200 damage to livestock and 
crops in s \ 
por- 25,000 | Hail and wind_-.... Damage to roofs and windows of buildings, and car top 
gs 
Barry County (southern Electrical........... Barn struck by ligh and burned. Man also struck; 
part), later. Storm cen in 5-mile area about 7 miles northeast of 
Montgomery, 2,000 | Roof and damage to veterans’ h roject. 
County, 23 | 10 20,000 | Hail and Most of by hail in area north of Holdenv estimated 
$19,000. Some damage to trees and buildings in Holdenville. 
Garfield County, Crop damage severe west of Waukomis. 
Wilburton, _ 0 500 | Tornado ........... Storm moved northeastward, causing some damage to buildings 
along west end of Main Street and 4 northeastern section 
Comanche County, Kans_... 12) Storm occurred in southwestern portion of county, causing 100 per 
County, Kans 23 | Night 6, 000 do sin — ty. Most 
County, Kame......] storms northern and western parts coun 
my damage in area near Rozel and Garfield. 
ty Triangle areas. Some windows broken and roofs 
Wess Electrical........... Lightning struck building at airport. Principal damage to CAA 
lesser damage Weather Bureau 
equipmen 
Ford County, Kans... Damage extended over strip 20 miles from northwest of Dodge 
ty, P ™ City to Bloom. Many es 2 acne in diameter. 
Refugio, Refugio¥ County, 37,000 | Wind and hail. Hail damage estimated at $12,000. Home beaten down; no 
Tex. farms within area. veral garages blown apart and roofs from 
several small houses blown oe Some small homes blown off 
foundations. Many trees broken and uprooted. panes 
1c Md 24 Wind i d Wind sete cats ens t pier in Round B Severn River. 
Anne Arund: n rain an ca) a! ay on 
snevauingencsiets . thunderstorm. Tree branches blown across roads and telephone wires. 
Pittsfield, Mass. ...........- Electrical... ........- 1 house and destroyed by fire. Damage to power and trans- 
Knox C northern 25 | 3-5 p. 18 Storm struck at Greensburg gardens, k patches, and 
part), breaking a few lights. from to 1% 
inches in diameter. $3,000 crop damage included in total. 
Madison {near), Morgan Area 6 x 8 miles southwest of Madison affected, within which very 
County, heavy over wre 3 : 3 miles, where reports indicate crops 
completely troyed. ton and corn chief crops affected, 
pant ay likely to meee $10,000. Little or no damage to 
property. 
Linn Coun thwestern 25 | 4:50-5:20 Lak. ge ee Oe SS oe Hailstones from size of hulled walnuts to hens’ did much 
Gamage gardens, crops, and some roofs at Lac Linneus, 
Pershing Park area, and in spotted areas nearby, and also near 
Too 
Cooper C west- :30 p. m__.... Wind and Some building roofs damaged and come wintows by 
erm vert): Mo. ore City 
Size of ping-pong 
Morgan — weste 8:30-9 p. m__._.-. 11%)}--.... a Territory covered by hailstorm included Stover and to southwest 
part), Mo. . of town; appeared, to to be spotty. Stones varied from about % 
: to some seperted as large as hens’ Crop damage 
mated at $5,000 cluded in total. Most other damage to roofs. 
Cowley County, Kans_...... 250,000 | Hail and wind...._- Principal damage to wheat in southern portion of county, where 
approximately 10,000 acres 
Moore, Lee, Wayne, Colum- Same thunderstorm that produced tornado. Heavy crop damage 
bus, bes inston, laden. in some areas. 
and 
mmpson, , and 26 | 12:30 p. m__....-. 200-300 0 100,000 | Tornado_____......- First struck 8 miles east of Dunn. Path due east to 244 miles west 
Wayne Coun of Newton Grove, ad Ye mile north of Newton Grove to 
miles east of Grove, Path 12 miles . Storm 
dipped to earth at intervals. Funnel cloud believed to have 
t —_ 2 funnels north of Newton Grove, then re soon 
” ya hailstorm, with hail as large as golf balls, occurred 
late in morning at Dunn. After hailstorm a large rolling scud 
cloud with thunderbead cloud observed. This may be 
as evidence of severe turbulence t in area preceding form- 
Greensville County, Va 26 p.m Hail killed so sultry; corn and cotton hed to be replanted in 
smal] area mene 
Haskell and Seward Coun- <n aap nem 125,000 | Hail and wind. .___- Damage strip extended from 5 miles south of Sublette to 5 miles 
ties, Kans, south of Li in north-and-south line of 25 miles. Most damage 
in Seward County. Hail generally size of marbles. 
Grant County, Kans...._... 26 | Afternoon ....... 12-5 ee Path of destruction extended from north-central part of county 
to southeast corner, almost 25 miles. 
Northeastern Webster and 26 | 10-11 p. m.._-.- | 1, 150 |..... ee eed Area covered some 35 to 40 farm homes; many buildings suffered 
northwestern Wright r roof damage with some damage to automobiles. Stones varied 
from 1% inches to oblong shape 2 inches long and 1 inch wide. 


Counties, Mo. 
See footnote at end of table. 
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SEVERE STORMS FOR MAY 1949—Continued 


Place 


of path, 
yards 


Loss 
of 
life 


Value of 


Character of storm 


Remarks 


Bourbon County, Kans 


| 
ern part) 


Mon 
rant County, N 


Raleigh, 
Dak.” 
Hobson and Windham, 


Mont. 
Thief River Falls and vicin- 
ity, Minn. 


Gooding, Jerome, Lincoln 
and Blaine Counties, 
Idaho. 


Judith pete. Fergus 
Counties, M 

Danvers, Mont 

Wolf Creek, 


Maine, southwestern portion. 


y (near), Mont......- 
Craig (near), 


McIntosh County, 
N. Dak. 
West Fargo, N. Dak__..--.-. 


Johnson County, 


B88 


8 


31 


31 


31 


31 


31 
31 


31 


100 


15, 000 


Path 20 miles long. 


to and fruit over small area. 

Consi to and crops. 

One vivid streak of struck and Milled boy. 

a te miles, 6 miles west of Watonga; destroyed nearly ripenst 
w 

Some damage to alfalfa. 

All had to be replanted over aren 36 x 34 mile, 

Most — in strip ip about 5 miles wide and 8 miles long, approx. 
imately 5 miles south of Raleigh. Hail covered ground severa) 
— "thick, broke many windows, some crops complete loss, 

Light damage to alfalfa. ail 4 to 8 inches deep on level, 


my accompan severe thunderstorms 
buildings, and stored in 


damaged; much poultry Ba gery much washing, drowning of 
| tetany crops -_ some fields of small grain reported total logs, 
vers and creeks overflowed and some bridges washed out. 
Evidently a — of thunderstorms moving ponereles northeast- 


use at least 50 percent destroyed. Hail ponte about 
to grain in early head near Shoshone and $7,0% 
damage to fa near Hailey where numerous trees blown down 
damage to hay occurred on ranch —_, Jerome. 

Hail Tasting 10 damaged alfalfa and small grains over 
mile pa 
Hail size of peas to walnuts did considerable damage to wheat and 

barley. Path 7 miles long. 

Hail, size of peas, damaged wheat in 15 mile path. 

100 acres of alfalfa destroyed; considerable damage to gardens and 
early crops. $5,000 damage to roofs and electric signs. 

1 house in New Castle struck and completely dortered Ay! fire. 
Several other houses struck with minor d . Hail at several 
points in Cumberland and Androscoggin unties. An esti- 
mated depth of 1 inch —— at South _— largest stones 
about the size of ‘‘good-sized peas.’’ No hail damage 

Hail up to 8 inches in diamater did moderate damage to gardens, 
small grains and hay. 

Storm began a mile oa of Colby, traveling southeastward 15 miles 
to near county line. Hailstonesuptolinchindiameter. Wheat 


n loss. 
a small, mostly to trees and corn. 
Damage to boat house and machine shop. 


-| Heavy hail % inch in diameter oman considerable damage to 


winter wheat and spring grains over = 5 miles long. 
Fieeding of about 4 miles of highway interrupted travel on U. 8. 
wel 91 for over 2 hours. 
from southwest blew over some large trees and small build- 
a and moved others off foundations in Clifton City. 
Clouds of powdered brown muck reduced visibility to near zero for 


an hour 

Storm sergek local airport on outskirts of Blakely. 1 airplane de- 
molished; wind damage to hangar roofs. Moderate to heavy 
hail, 34 to \ inch in diameter, oe down cotton and peanuts but 
losses not more than about $500. 

Funnel first sighted about 8 miles west of Manhattan and ended 5 
miles north of Manhattan. Tornado dipped only once, unroo- 
ing a farm home and destroying other farm buildings and ma- 
chinery. Power and telephone lines also Ty 5 

Strong, gusty winds skidded parked airplanes into a pile ep. 
Winds from south-southwest. Area of age very limited in 
front (west) of hangars in north to south line. No evidence 
of twisting winds found. Possibly gusts were in by 
of Highest winds at the Weather Bureau 

rport office, 1 mile ‘north of = area, were south-south- 
oan oe 38 plus with gusts to 50 m. 

Mostly hail damage to nearly ated wheat in scattered areas 
throughout Jackson and Greer Counties, but most damage in 
Kiowa County where crops destroyed in 100 square mile ares 
from Lone Wolf to Gotebo. 

4 mhouses demolished; warehouse  pactiely unroofed; football 

1d press box wrecked; ‘buildings, houses . garages, sheds, barns 
and farm outbuildings "damag. awnings, canopies, signs 

billboards blown away; many windows broken; automobiles 

damaged; power and communication lines down; many trees 

uprooted or branches broken off; slight damage to growing crops. 

small buildings in town and on farms blown over; some larger 
gs da: . Few trees blown over. 

Stock shed of Armour & Co. completely demolished. Other 
buildings nearby not damaged; this leads to belief that it was 

tornado of small] proportions. 

Funnel] first dipped to earth in southwest corner of Gardner, dam- 

houses and trees for about 4 blocks; traveled northeastward. 
It skipped to Olathe, Soars some damage done at pe Air 
Station and windows and light wire bro + in Olathe 
winds in other parts of county resulted in some property d 


1 Miles instead of yards, 


| 
Blaine County, | 75,000 | Hail. | 
29 | 361,200 | 
29 | 12:30-7 | Hail and wind... 
; crops such as beet, beans, corn and alfalfa about 75 perce 
tern pest), 
us 
Coun- 2,500 | Wind and hail_____- 
Riley County, Kans......._. | 6:20 p. 0 15,000 | Tornado............ 
“ Miami International Airport, m | Sp.m...........|...........|------|----------.-| ‘Thunderstorm, wind 
; and hail. 
Greer, and Kiowa 500,000 | Hai] and wind___-_-. 
Moorhead and vicinity ... 30,700 | Thundersqualls..... 
10,000 | Wind possibly tor- 
nado, 
> ee M@ | 11:20 p. m....... 440 0 15,000 | Tornado and wind_. 
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SOLAR RADIATION DATA FOR MAY 1949 


Explanation of tables 1 and 2 and references to descrip- Taste 1.—Solar radiation during May 1949—Continued 
tions of instruments, stations, and methods of observation, 
and to summaries of data, are given in the MonrTHLy Sun’s zenith distance 
WeaTHER Review, volume 72, No. 1, January 1944, a 2 
age 43. A list of pyrheliometric stations is given on Date A. M. P.M. 
page 45 of that issue. An explanation of the formula oe” sanlie 
used in computing the air mass values for each station 00.0° | 70.7° | 75.7° | 78.7° m.! 
listed in table 1 appears in volume 75, No. 3, March 1947, 
page 47. TABLE MOUNTAIN, CALIF. 
eginning with this issue values of total solar and sky 
N. J., wi inclu regularly in table 2. e new 3.76 | 2.01 | 2.26 | 1.51 |*0.75 | 1.51 | 2.26 | 3.01 | 3.76 
station located at Seabrook Farms, Seabrook, N. J., is 
sponsored by Dr. C. W. Thornthwaite, director of the May eal, | cat. | cad. | cad. | cat. | cat. | cat. | eat. | cat. | mb. | mb. 
ment and record will be maintained by Mr. D. J. Portman, §;------------- 3.1 | 1.18 | 1.94 | 1.88 | 1.88 |-....-].-----|------]------|--20--]--2--- 
meteorologist at the Laboratory. A Brown Electromik 
station are: Latitude 39°30’ N., longtitude 75°14’ W. Means... 41.05 | 1.16 | 1.26 | 1.87 | 1.55 
ventilators to the northeast and southwest, neither of . : 
which will cause more than slight shading at certain a ee 
seasons of the year; a 250-foot smokestack 400 yards to Atha 
the southeast whose shading is inappreciable, but which 
some smoke pollution of the atmosphere for brief 4.86 | 3.80 | 2.92 | 1.94 |*0.97 | 1.94 | 2.92 | 3.99 | 4.86 
periods. tered 
May —_| cal. | cal, | cal. | cat. | cal. | cat. | cat. | cal. | cat. | mb. | md. 
Sun’s zenith distance ¥ = 57 .31] .21] .18 
78.7° | 75.7° | 70.7°} 60.0%} 60.0° | 70.79) 75.79) 78.7°| | | 
Air mass LINCOLN, NEBR. 
4.81 | 3.84 | 2.88 | 1.92 |*0.96 | 1.92 | 2.88 | 3.84 | 4.81 
cal, | cal, | cal. | cal. | cal, cal, | cal, 4.77 | 3.81 | 2.86 | 1.91 |*0.95 | 1.91 | 2.86 | 3.81 | 4.77 
il 39 438 1.40} 1.12] .92) .82 71} &1 7.8 
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TABLE 2.—Daily totals and weekly means of solar radiation (direct + diffuse) received on a horizontal 
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us the radiation reflected from the nd ived 
, Mass., during Mey 


vertical surface facing south at Blue Hi 


TABLE 3.—Daily totals and weekly means of solar and sky radiation pl 
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